DEPARTMENT OF ENVIRONMENTAL QUALITY
REMEDIATION AND REDEVELOPMENT DIVISION
ENVIRONMENTAL CONTAMINATION RESPONSE ACTVITY

Filed with the Secretary of State on

These rulesbecome—effective—immediately—ugake effect 180 days afterfiling with the
Secretary of State unless adopted under Se88prd4, or 45a(6) of 1969 PA 306. Rules adopted

under these subsections become effective 7 days after filing with the Secret@tgof S

(By authority conferred on the director of the Department of Environmental Quality by sections
20104(1) an®0120a4817) of 1994 PA 451, MCL 324.20104(1) and 324.201284Y).

R 299.1, R299.2 R 299.3, R299.4, R299.6,R 299.8, R299.9 R 299.10,R 299.18,R 299.2Q
R 299.22, R299.26, R299.30 R299.34 R299.36, R299.38 R299.46, R 299.49 and
R 299.500f the Michigan Administrative Code are amended, andR 299.7,R 299.16and
R 29927 are added to the Code, and R9914, R299.24 R 299.4Q R 299.44, andR 299.48
of the Code are rescindedas follows:

CLEANUP CRITERIA REQUIREMENTS FOR RESPOSE ACTIVITY

R 299.1 Definitions; A to.

Rule 1. As used ithisparthese rules

@A Act 0 means 1994 RoAB248EA6knovivi@d thédh&utalRteBolirces
andEenvironmentalPprotectionAact.

(b) AAcute toxicityo means the ability of a hazardous substance to cause a debilitating or
injurious effect in an organism as a result of a single or-4@ort exposure.

(©oAAddi ti vityo means 2tohneore bazamdous substanced ebtinatead o f
directly from the summing of effects, responses, or scaled exposure levels.
(diAmbi ent airo means the atmosphere

alli s Veude M a
Ui d

he 3 allow ' e-actand-theserules.
@nAqui fero means a geological formation, gr o
of yielding a significant amount of groundwater to wells or springs.
(f) NBest available informatiod means, when used in relation to a risk assessment or the
development of cleanup criteria, the most scientifically credible and relevant data asbizidle
for a particular hazardous substaneexposure assumptions, or the methododly for
characterizing doseresponse or risk Such information may include, but is not limited to, any
of the following:
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) The peer reV|ewed SC|ent|f|c Ilterature

(i)
rrslen#ermatren—systen%datale@ek assessment gwdance and databasesalntalned by the
United StategEnvironmentapProtectionaAgency er-othersecientiicallyreliable-databases.

(i) Other peer reviewed risk assessment guidance, databasesd other information
sources recognized by the risk assessment community as scientifically reliable.

(HHv) Other scientific studies that are acceptable to the department
(g)n@ncer s | - ‘

e*pesuretea—parﬂeulaHeveLeha—petentratearernegempper bound apprOX|mat|ng a 95%

confidence limit, on the increasd cancer risk from a lifetime exposure to a hazardous
substance.

(h) ACarcinogen meansa hazardous substance which, based on the weight of evidence, causes
an increased incidence of benign or malignant neoplasms in animals or humans or that
substantially decreases the time in which neoplasms develop in animals or humans.

(i) AChronic toxicityp means the ab|I|ty of a hazardous substance to causejmmus—er

debthtatrngadverse effect H

ergan%mthat occurs as a result of repeated or Iongerm (chronlc) exposure.
()@ means t he of@cingeehazardoas sulmstancén soil at which the
solubility limits of the soil pore water, the vapor phase limits of the soil pore air, and the
absorptive limits of the soil particles have been reached. As used in theseCealés a
theoretical theshold above which dreephase—tquid (roragqueous—phase—lgyidAPL
hazardous substance may exist.
(kyAiDirect contacto means exposure to hazardo
contact.
hAFacspetyfico me aapwoved gepearic inpoe values that when
representative of conditions at the facility may be used as inpdor the calculated health
based values. Thgeneric input values include the following:
() Environmental conditions that allow the resulting criterion to represent unrestricted
generic residential categorical criteria that do not depend upon any land use or resource
use restriction to ensure protection pursuant teection 20120a(1{a) of the act
(i) Land use or building conditions that when usedpursuant to R 299.27 allow the
resulting volatilization to indoor air criteria to represent restricted categorical criteria
pursuant to section2012041)(b) to (d) of the act
dmAaGeneric residential o means the <c¢cleanup ¢
section 20120a(1)(a) of the act and these rules.
W) AGroundwat ero means water below the | and s
(Ro) filncreased cancer risk of 1 190,00@ means the 95% upper bound on the calculated risk
of 1 additional cancer above the background cancer rate per 100,000 individuals continuously
exposed to a carcinogen at a given average daily dos&syearlifetime.
ep) Al nhal ati on uni the additoral lifetime taocerorisk nmecarnmng in a
population in which all individuals are exposed continuously for life to a concentration of 1
microgram per cubic meter of the hazardous substance in the air theyebréae-inhalation



a

Qq)—ﬁ—Hq—s+|—t—u—t—|—e4Fa4—c—e4H—|;e—l—e—me—a—n—s—a—me—a—s ur e wh
may
m&#&ew%—%m&gn&—%eﬁe&wawss—e#a—m#md@—aeﬂe#%ﬂ—m—e*pesure to
azardous

(xq) nlonlzmg organlc hazardous substammeans an organlc hazardous substance that has
functional chemical groups that become ions when exposed to varying pH conditions.

R 2992 Definitions;L to V.

Rule2. As used irthisparthese rules

@AaLand or resource use r e sahyroftletfollowingsnmeasmesa ns t
that are used tbmit reduce or restrict exposure to hazardous substances, to eliminate an
exposure pathway, to assure the effectiveness and integrity obntainment or exposure
barriers, to otherW|se assure the effectlveness and mtegnty of response actions at a

f—aemty or to prowde notlce about the presence of a hazardous substarfaenatyproperty in
concentrations that exceed only an aestHsigred cleanup criterion:

(i) A restrictive covenant

(i) A-neotice-of-approved-environmentatremediatirconservation easement.

(iif) A court order or judicially approved settlement.

(iv) An institutional control, which may be a local ordinanceaey—form—ofpreapproved
institutional-control-suchs-a-notice-of-aesthetic-impatate law and regulation that limits or

prohibits the use of contaminated groundwater, prohibits the raising of livestock, prohibits
development in certain locations, or restricts property to certain uses, such as a zoning
ordinance.

(v) An alternate instrument approved by the department which may be a license and
license agreement, contract with local, state, or federal unit of government, health code or
regulation, or government permitting requirement.

(vi) Any form of land or resource use restriction preapproved by the department, such as
a notice of aesthetic impact.

(b) ALeachaté means liquid, including any suspended components in the liquid, that has
percolated through or drained from a hazardous substance or soil contaminated with a hazardous
substance.

(c) nLlnearlzed multlstage mocfetneans mlesetespet%emedel—m%has&mﬂtbat—theream

elesesnodlflcatlon of the multlstage doseresponse modle used for estimating carcmogenlc
risk, that incorporates a linear upper bound on extra risk for exposures below the
experimental range.



(d) ANotice of aesthetic I mpacto means a docu
result from the premice of hazardous substances at concentrations which exceed only cleanup
criteria that are based on aesthetic impacts.

(e)h Ref erence concent r ah éestmate of the contifkubu€ imhalatiera n s
exposure to the human population, includingsensitive subgroups and lifestages, that is
likely to be without appreciable risk of adverse effect during a lifetime. The reference
concentration is expressed in units of micrograms of hazardous substance per cubic meter
of air.

(ef) NReference doseor ARfDO means A conservativeestimate of the dailyntake-erat
exposureto ef the human population, including sensitive subgraups lifestages that is likely
to be without appreciable risk deleterieusadverseeffect during a lifetime. The reference dose
is expressed in units of milligranhsizardous substancger kilogramof body weight per day.

(fg)nReIatlve sour ce contrrt—leaHt—r—rpHo—r—tt—a—@%p—M @ar pR

addressed
by—the—eteanup—enterrenhe portlon of the total da|Iy exposure to a noncarmogenlc

hazardous substancehat is attributed or allocated to the environmental medium being

addressed by the cleanup criterion

@gh)i Rel evant pat hway o0 me a nsshasaaneasenabfemd relevent p at h w
because there is a reasonable potential for exposure to a hazardous substance to occur to a human

or nonhuman receptorpotential-to-occur—at-afaciityncluding—current-and-reasonably
anticipated-future-activities-The components of an exposure pathway are a source or release of
a hazardous substance, an exposure point, and, if the exposure point is not the source or point of

reIease a transport medmiﬁhes&eempenerﬁsar&e*peeted%e—b&presenesueh—tha%human

1P|te|ﬁnaa—setjlreeer—releaseThe eX|stence of a mun|C|paI Water supply, exposure barrier, or other
similar feature does not automatically make an exposure pathway irrelevant

(hi) fRisk assessmemmeans the analytical process useddermineestimatethe risk to the
public health, safety, or welfare or to the environment associated with a release or threat of
reIease of a hazardous substance ata facility.

() AT oxrcologlcal interactiod means simultaneous exposur&tor more hazardous substances
whichthat will produce a toxicological response that is greater or less than iiskwdual

respoenseaxdditivity .

(KAnVol atil ed means a hazardous substance that
(i) Vapor pressure greater than 1 millimeter of mercury, or

i) AHenryds | aw constant equal t ecubocmmetgrpee at er t

mole at standard temperature andpressure.



(kl) AWeight of evidence a—term—of-art-used-inrisk-assessmaeneans an evaluation of the
relevant scientific data conducted to determine the likelihood that a hazardous sulsstance
human carcinogen or causes noncancer adverse lefftts, or both The evaluation may
include but is not limited to, any of the following information in addition to toxicological
bioassays:

(i) Structureactivity relationships.

(i) eChemicatphysical properties.

(iif) Short-term test findings.

(iv) Results of appropriate physiological, biological, and toxicological observations.

(v) Comparative metabolism and pharmacokinetic studies.

{I}—nA#e4—a—H—l—e—e—me—a—n—s—a44—y—c—e—mp—e—u—n—d—Hq—a—t—&xhl bit

(m) A term deflned in the act has the same meanlng When used in these rules.

R 2993 Responseactivitiesy; protection of public health, safety, welfare, agavironment

required; ruleapplicable to interim responsetionsctivity desighed-to-meet-cleanup-criteria
degreeof cleanup; modification of cleanup category; aquifersaceeptability—oef1gponse

Rule 3. (1) All responseactivitiesy shall be protective of the public health, safety, and welfare
and the environmenApplicable generic cleanup criteria established by the department pursuant
to section 201@a(1) and sitespecific cleanup criteria approved by the department under section
20120a(2)and 20120mof the act and these rules reflect the departtagntdgment, at the time
the criteria are established or approved by the department, about the numerical criteed requi
to meet this protectiveness requwement subject to the prowsmﬁszégzl@,} R29928 and

substaneceT he i nclusion of a hazar detLa\Eallalslembstnarp(teamer
of a value or a criterion means an evaluation was conducted and dateere not available
for the value or criterion to be developed.

(2) All of the following are hazardous substances for which response activity is required

(a) Those hazardous substances determined to have been released at the facility.

(b) A hazardous substance that is known to be a metabolite or breakdown product of a
hazardous substanceeleased at a facility.

(c) A hazardous substance that has resulted from a reactioar any other physical or
chemical change associated with the release.

(23) These rules m—thls—partapply to mterlm response actlw lthect—a:Fe—eIes«geeel—te—meet




(4) If a revised landisebased remedial action includes characteristics that are required to be
approved by the department, then the person implementing the change shall seek department
approval as required by part 201 of the act and these rules.

(5) The horizontal and vectal extent of hazardous substance concentrations in an aquifer above
the higher of either the concentration allowed dagtion 2012@(1)(9 or (10) of the act, as
applicable, shall not increase after the initiatiomeshedial actionso address an aquifeexcept
as approved by thairectexdepartment as provided in section 20183 and €5) of the act

(6) All remedial actionghat address the remediation of an aquifer shall provide for removal of
the hazardous substance or substances from the aquifer, either through active remediation or as a
result of naturally occurring biological or chemical processes which can be docdrtenteur
at the facility, except as provided in section 20548&nd €5) of the act

R 2994 General requirements for applicationg&nericcleanup criteria.

Rule 4. (1) All cleanup criteria used in sponse activit undertaken under part 201 of the act
and these rules shall be based on best available infornaattbweight of evidence

(2) The generic cleanup criteria developed by the department using the algorithms presented in
these rules are derived primarflpm data that reflect chronic toxicity endpoints. If a hazardous
substance has a more sensitive toxic effect than those associated with the chronic toxicity data
used to calculate a generic criterion, then a criterion shall be developed to addresstthe mos
sensitive effectThe generic cleanup criteria established by the department shatidepted-as
protective of the most sensitive toxic effect in a given exposure pathway for the hazardous
substance in question.

0 fter j iterion-under subrule
s i rot-required to
assu%e—that—a—gae#mmnse—aetwﬁw#ﬂ—be—pre&eeﬂ#e\Nhen a hazardous substanceln

addition to the chronic exposure accounted for witha generic criterion, has he potential to

cause adversehuman health effects for shoriterm exposuresposes—acute—or-shorterm
toxicity—to-humans;-the department may developinterim immediate-response screening

levels for the purpose of evaluating theisk.

(4) A generic or sitespecific cleanup criterion may be established by the department based on
best professional judgment instead of a calculation based on minimum toxicity data for a specific
hazardous substance when the minimum toxicity d@deita not available for that hazardous
substance, but data of sufficient quality are available to show that the hazardous substance in
guestion can be adequately assessed by comparison to the toxicity of another hazardous
substance for which sufficient datre available. A criterion may be established by the
department in this manner when the hazardous substances are expected by the department to
have similar fate and toxicity.

(5) For the application of cleanup criteria, environmental data shall reliably represent
conditions ofthe environmental media.Environmental data shall include quality assurance
and quality control processsthat ensures data is representative andof sufficient quality.

(6) If a generic soil cleanup criterion developed under R99.20 to R299.27 is greater than
the Csat concentration for that hazardous substanceas shown in the generic soil cleanup
criteria tables of R 299.46 then the genericsoil criteri on may not apply in all cases If the



release is a mixture of hazardousubstancesthen comparison to Gat is not appropriate.
All of the following apply:

(@) A person proposing or implementing response activity shall evaluate whether
additional response activity is required to control NAPL or to protect against risks
associated withNAPL that are not accounted forin development of the genericoil criteria.

(b) A site-specific risk evaluation may be conducted for each relevant exposure pathway
when NAPL is present.

(c) Corrective action for a petroleum release regulated undepart 213 of this act shall
evaluate NAPL pursuant topart 213 of this act.

(7) If the concentration of a hazardous substance in groundwatelis greater than the
flammability and explosivity screening levels shown in the generic groundwater cleanup
criteria table in R 29946, then the person proposing or implementing response activity
shall document whether additional response activity is required to protect againstn acute
flammability and explosivity hazard.

(8) The department may identify specific isomes of hazardous substanceshat must be
added together and the sum compared to an identified chemical compowsgecific o
classspecific cleanup criterion for a given environmental medium.If analytical data
detects a single isomer, additional analytical evaluation for the total of the isomers is
necessary for comparison to the identified criterion.

(9) Hazardous substances that exhibit the characteristicas defined underpart 111 of the
act by R299.92120f ignitability, reactivity, corrosivity , or toxicity are footnoted in the
criteria tables in R 299.46.

(10) If a person submits a no further action report under part 201 of the act or a closure
report under part 213 of the act during the timeframe of 6 months prior to the
promulgation of these rules up to the effective date of these rules, the review betreport
shall be based on the criteria in effect at the time of the submittal unless the director makes
a determination that a new or changed criterion renders the remedial or corrective actions
completed no longer protective of the public health, safefyor welfare, or the environment.
The decision of the director is reviewable as allowed by lawhis provision does not affect

an ownero6s or operatorodos obligations under

R 2996 Establishment of Ggeneric cleanup criteria; toxicological and chenyghysical
propertiesuse ofgeneric cleanupriteriaknewn-as riskbased screening levels; procedure for
developing additional generlc crlterla
RuIeG (1)

te—preteehagamst—maeu{e—hazameenenc groundwater andr soH—&nd—velatH&aﬂen—te

trdeerair cleanup criteria for the residential and nonresidential categories are established
pursuant to this rule and are shown in the generic cleanup criteria tables in R99.46
Volatilization to indoor air groundwater, soil, and vapor Tier 1 screenirg levels are
established pursuant to this rule and are shown in the generic cleanup criteria tables in
R 299.46

S
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ef—the—genenc—entenaExcept as provrded in the footnotes of the generrc cleanup criteria
tables in R299.49, goundwater, soil, and volatilization to indoor air health-basedvalues
for the residential and nonresidential categoriesire derived from the equations in R299.10
and R299.20 to R299.27. The minimum value calculated for carcinogenic,
noncarcinogenic, mutagenic, or deMepmental effectsrepresentsestablishesthe calculated
health-based value

- A ; }O438: Except as
provided in the footnotes of the generlc cleanup criteria tables in R99.49 the
toxicological, chemicatspecific, and chemicalphysical input values used by the department
to derive-establish generic cleanup criteria with the equations and generiénput values
provided in R 299 10and R 299 20to R 299 27 are shown inhe tables of R299. 50

A for
eerreetwe—aetrens—reqwred—urwpart—zl%—ef—the—actlvhen the calculated healthbased value
derived from R 299.10 for a hazardous substance differaedm the state drinking water
standard, the criterion shall be the state drinking water standard pursuant to section
20120a(5) of the actCriteria to which this subrule applies are designated with a footnote in
the generrc groundwater cleanup criteria table inR 29946.

a hazardous substance imparts adverse aesthetlc characterlstlcs to groundwatmrsuant
to R 299.9at a concentration less than the state drinking water standard fronsubrule (4)
of this rule -erthe-caleulated-healthbased-value-derivedfromR299-10 then the aesthetie
based criterion derived under R299.9is shewn-asthe drinking water criterion in the table
of the generic groundwater cleanup criteria table inR 299.46 and designated with a
footnote.

rotExcept as provded in
subrule (4) of th|s rule, if the calculated healthbased value is greater than thesolubility
limit of the hazardous substance in water a5 degrees Celsius, then the solubility limit
shall be the generic groundwater cleanup criterion. Criteria to which this subrule applies
are designated with a footnote in the generic groundwater cleanup criteria table in
R 299.46



) ] Ay : }950. The maxrmum
celllng concentratlon for sorl healthbased criteria shall be 106 by dry weight, or 1.0E+8
parts per billion. Except for ambient air soil criteria derived from R 299.26, criteria to
which this subrule applies are designated with a footnote in thgenericsoil cleanup criteria
tablesin R 299.46 Ambient air soil criteria as shown in the solil criteria tables represent a
% acre source size and may require source siadiustmentmodification prior to application
of this subrule. If soil criteria established under this subruleexceed the chemicaspecific
Csat, then addltlonal response act|V|ty may be necessary pursuant ® 299 49).

concentration of a hazardous substance becomes the generic cleanup criteria in the
following cases:

(a) If a calculated healthbased value is less than the target detection limit for that
hazardous substance |n a glven medlum then the target detectlon limit is the cIeanup
cntenon D

(b) A background concentration may be substituted for a generic cleanup criterion when
the background concentratlon |s hlgher than a crlterlon shown irthe tables inR 299.46.

department has determrned cleanup criteria are necessary pursuant to 209 28, that
criterion shall be shown in the cntena tablesrn R 299. 46and desrgnated with a fotnote.

minimum of the water quallty standards for surface water developed for toxrc substances
or otherwise applicablewater quality standards for surface water,developedpursuant to
part 31 of the act.

I n aYa N o - N
R—2—9944—as—prewded—rn—seet49n—299a@—et—the—aet’he generic cleanup cntena shown in

R 299.46 and identified under subrule (18) othis rule are the risk-based screening levels
for corrective actions required unde part 213 of the act.




R 299.7 Genericsoil type and soil temperature value, facility-specific soil typeand
soil temperature value, sitespecificsoil type and soil temperature values.
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Rule 7. (1) The genericsoil type input valuesused to develop Gat, soil-water partitioning
values for groundwater protection criteria, soil volatilization to ambient air health-based
values and volatilization to indoor air screening levelsare based on the soitype sandas
classified by the NaturalResourcesConservation Servicesof the United StatesDepartment
of Agriculture..

(2) Soil information specific to a facility may allow revisions to the generisoil type values
identified in R 29918 and R299.22 to R299.27 When facility-specific soil information is
used to revise the generisoil type and soil temperature valuespursuant to these rules the
resulting generic criterion allows the facility to satisfy the categorical criteria in section
20120a(1)(a) to (dpf the act

(3) The departmentapproved generic input values bysoil type are identified in table 1 of
this rule. Facility-specific soil type shall be based on representative characterization.
Documentation of all facility-specificinput values shall be provided in the response activity
plan, no further action report, or other response activity documentation. Facilityspecific
valuesare allowedas follows:

() When soil has beenclassified with decumented-department-approved field methods
visually-ebserved-and-documentedufficient to characterize a United States Department of
Agriculture (USBA) soil type assand, sandy loam, loamy sand, doam per figure 1 of this
rule, the facility-specific soilinput values shall be as identified intable 12 of this rule for

those son typesWhem#seaLeh&me@enaaHene#ﬂw—%esmhdma%es#m%&—neHeaéﬂy

(i) When soil information has been classified with eenfirmed—through—department-
approved methods and-the—irfermation—is-sufficient to determine the use of a specific
United StatesDepartment of Agriculture soil type other than those identified in subdivision

() of this subrule pursuant-te-figure—1-of-this+ule, the input values shall be based on the
generic input valuesin table 12 of this rule for the soil types identified-by-the United-States

Departmentof-Agriculture-,

(i) When heterogereous soils are presentif a person does not rely on the generic soil
type sand, a sensitivity analysisof the soil types andassociated input valuesshall be
performed;. and—tThe soil type selected shall be thesoil type that generates the most
restrictive criterion. Department approved models or methods may be used to evaluate
heterogeneous or multilayer soil present at groperty for the volatilization to indoor air
pathway pursuant to R 299.2711).

(iv) When norrnative material consistent with materials defined as beneficial use by
products pursuant to part 115 of the actis present the generic input values for sand in
table 12 of this rule may be used. Asite-specific evaluation shall be conductedor other
non-native materials. Non-native material for this purpose meansthe material cannot be
classified as one of the 12 soil types in thenited States Department of Agriculture
classification system.

(v) Wh e n bedr ock i's within one me tspecific o f t h
evaluation shall be conducted.

(vi) All applicable seil-type generic input values for the soil type on table 1 shall be
substituted to revisethe criteria for any relevant soil exposure pathway.

(4) The generic soil temperaturevalueis 10 degrees Celsiusr 283.15 Kelvin When using
facility -specific er—site-specific—soil type assumptions the generic soil temperature
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assumption shall be adjusted to the departmerdpproved county-specific soil temperature
values identified intable 23 of this rule.

(5) Site-specific soil type and soil temperature values may beused to generate asite-
specific criterion under sectiors 2012@&(2) and 20120b of the act. Sitgpecific values shall
be based upon representativeharacterization. All applicable soil typeinput values shall be
determined and used to develoghe criterion. A revision to generic residential criterion
using only site-specific soilinput values may allow department approvalfor unrestricted
residential use.A location where concentrations of the hazardous substance do not exceed
department approved sitespecific cleanup criterion for unrestricted residential use would
not be defined as a facility by part 201 of the act.

(6) Figure 1 of this rule is as follows:

FIGURE 1.

100

(7) Tablesl to 3-2 of this rule read as follows:

FABLE L
iate Selectionof Soil
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TABLE 21.
GenericInput Values forUnited States Department of Agriculture (USDA) Soil Conservation Service Soil Textural Classifications
. Saturated Residual Soil Water- Soil Air- Saturated
Soil Texture Soil Texture Ifoﬁ,g;?tig Water Water Filled Filled van Genuchten parameters”®? Mean Particle l?err%/sliatuué Hydraulic
Abbreviation y Content*° Content”® Porosity* Porosity*P Diameter™E y Conductivity?
(USDA) n I
(USDA) (cm¥iem?) ds d; dw da (cm) (glcm?) Ks
(cm3¥cm3) (cm®/cm?) (cm®/cm?) (cm®/cm?) — 9 (cm/h)
U, (L/ecm) N M

Clay C 0.459 0.459 0.098 0.215 0.244 0.01496 1.253 0.2019 0.0092 1.43 0.61
Clay loam cL 0.442 0.442 0.079 0.168 0.274 0.01581 1.416 0.2938 0.016 1.48 0.34
Loam L 0.399 0.399 0.061 0.148 0.251 0.01112 1.472 0.3207 0.02 1.59 0.5
Loamy sand LS 0.39 0.39 0.049 0.076 0.314 0.03475 1.746 0.4273 0.04 1.62 4.38
Silt Sl 0.489 0.489 0.05 0.167 0.322 0.00658 1.679 0.4044 0.0046 1.35 1.82
Silty loam SIL 0.439 0.439 0.065 0.18 0.259 0.00506 1.663 0.3987 0.011 1.49 0.76
Silty clay sIC 0.481 0.481 0.111 0.216 0.265 0.01622 1.321 0.243 0.0039 1.38 0.4
Silty clay loam sIcL 0.482 0.482 0.09 0.198 0.284 0.00839 1.521 0.3425 0.0056 1.63 0.46
Sand s 0.375 0.375 0.053 0.054 0.321 0.03524 3.177 0.6852 0.044 1.66 26.78
Sandy clay sc 0.385 0.385 0.117 0.197 0.188 0.03342 1.208 0.1722 0.025 1.63 0.47
Sarl‘g;’n‘j'ay scL 0.384 0.384 0.063 0.146 0.238 0.02109 1.33 0.2481 0.029 1.63 0.55
Sandy loam SL 0.387 0.387 0.039 0.103 0.284 0.02667 1.449 0.3099 0.03 1.62 1.6

A-FromUSEPRA 2004Us er 0 s

22, 2004.

B - Hers, I. June 3, 2002 Technical Memorandum to Debbie Newhénried StatesEnvironmentalProtectionAgency,Office of Solid Waste Input Parameters foDffice ofSolid Waste andEmergency

Responsé&Vide Guidance for Vapor Intrusion Pathway.

C - Saturated water content is assumed to be equal to the water soil total porosity libesseeirated water between drainage and wetting conditions varies but is always less than the fully s

water content which is equal to the soil total porasity

D - The airfilled porosity is calculated as the total porosity minus soil wéitkrd porosity.

E - Nielson, K. K., and V. C. Rogers. 1990. Radon transport properties of soil classes for estimating indoor radon enffy rods. (ed), Proceedings of the 29th Hanford Symposium of Healtl

the Environment. Indoor Radon and LuGigncer: Reality or Myth? Part 1. Battelle Press, Richland, Washington.

Gualuating Subsunface Vapor Intrusion into Buildings. United States Environmental Protection Agency, Office of Emerdeenediad Response. Februa
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TABLE 23.
Facility -specific Soil Temperatures by County (degrees Celsius)

COUNTY TEMP | COUNTY TEMP | COUNTY TEMP | COUNTY TEMP
Alcona 9 Dickinson 9 Lake 11.5 | Oceana 12
Alger 8.5 Eaton 12 Lapeer 11 Ogemaw 9.5
Allegan 11.5 Emmet 9.5 Leelanau 11 Ontonagon 8
Alpena 9 Genesee 10.5 Lenawee 11.5 | Osceola 11
Antrim 10 Gladwin 10 Livingston 11 Oscoda 9.5
Arenac 9.5 Gogebic 8 Luce 8.5 Otsego 9.5
Baraga 8.5 Grand Traverse 11 Mackinac 8.5 Ottawa 11
Barry 12 Gratiot 11 Macomb 11 Presque Isle 9
Bay 10 Hillsdale 12.5 | Manistee 11.5 | Roscommon 10
Benzie 11 Houghton 8 Marquette 8.5 Saginaw 10.5
Berrien 13 Huron 11 Mason 12 Sanilac 11
Branch 12.5 | Ingham 11.5 | Mecosta 11 Schoolcraft 8.5
Calhoun 13 lonia 11 Menominee 9.5 Shiawassee 11
Cass 125 | losco 9.5 Midland 10.5 | Sst. Clair 11
Charlevoix 9.5 Iron 8.5 Missaukee 10 St. Joseph 12
Cheboygan 9 Isabella 10.5 Monroe 11 Tuscola 10
Chippewa 8.5 Jackson 12.5 | Montcalm 11 Van Buren 12
Clare 10.5 | Kalamazoo 12 Montmorency 9 Washtenaw 11.5
Clinton 11 Kalkaska 10 Muskegon 12 Wayne 11
Crawford 9.5 Kent 11 Newaygo 12 Wexford 11
Delta 9 Keweenaw 8 Oakland 11

R 2998 Groundwater cleanup criteria generally.

Rule 8. (1) Exeeptas—providedin—subrale{(2)-of-thisrul€he generic groundwater
cleanup criteria applicable atgiven facility shall be themestrestrictive-of-theriteria
developedunder R299.9- R 299106+ R 29914, established pursuant to R299.6
considering tbse relevant pathwayshat-arereasonable-angblevanttat the facility and
the category of cleanup crlterla belng proposed or implemented.

purposes of groundwater cleanup criteria developed under R99.9 and R29910,
the point of exposureis presumed to be any point in an affected aquifer.

R 2999 Calculation of generic cleanup criteria for groundwateanraquifer based on
adverse aesthetic impacts.
Rule 9. (&) If a hazardous substance, singly or in combination with other hazardous
substances present at the facility, imparts adverse aesthetic characteristics to groundwater
in an aquifer, then the cleanup criterion shall be rtadonal secondarymaximum
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contaminanttevelrinking water regulation, or, if there is nonational secondary
maximum contaminantlevelrinking water regulation, then the concentration that is
documented as the taste or odor threshold concentration or the concentration below which
appearance or other aesthetrc characteristics are not adversely aﬂ-'eﬂwrtera—et

Lbry ~Yala han tha laval rag ad h ubrule = han he'eve'
requ#ed—by—seetren—ZQGaMa—ef—the—aetA taste or odor threshold concentration or a
concentration adversely affecting appearance shall be deteragneding pursuant to
methods approved by the Unrteth&seEnvrronmentapProtectronaAgency
any point

R 29910  Generic eleanup-drinking water criteria based on ingestion offer
groundwater iran aquiferbased-en-ngestion-of-groundwaterfor-drinking-water

Rule 10. (1) Exposure to groundwater by ingestion shall be considered a relevant
pathway for groundwater that satisfies either offttlewing conditions

(a) The groundwater is in an aquifer.

(b) The groundwater is not in an aquifer, but can reasonably be expected to transport a
hazardous substance into an aquifer in a concentration that exceeds the generic residential
criteria deeloped under subrule (2) of this rule.

(2) Thegeneric drinking water criteria developed-pursuant lR-2999-and-R-299L0
are not applicable if ingestion of the groundwater is, or as part of sperrge activity
will be rellably restrrcted by aestrrew&eevenant—a—netre&ef—appreved—enwrenmental
A larhels or
resource use restrrctronas requrred by the actand approved by the department, if
approval is requrred

(3) € u walBnddrealth-
based drinking watervalue shall be calculatedaceeerdm@ursuant to the following
algerithm®quations except as provided for in 29934, and in the footnotes of the
generic cleanup crrterra tables in R 299 49Grrterra—eateelated—under—thrs—subrele—shall

(4) The residential drinking water value shall be theminimum of the drinking
water health-basedvalues calculatedpursuant to equations 1to 5 of this rule. The
nonresidential drinking water value shall be the minimum of the healthbased
drinking water values calculatedpursuant to equations8 to 10 of this rule.

(5) Toxicological,chemicatspecific, and chemicaphysical generic input values are
provided in R 299.50.

(6) The generic drinking water equations are as follows:

RESIDENTIAL :
1. EQUATION FOR CARCINO GENIC EFFECTS:
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_ TR3® AT_ 3 CF

EFes  (Exposure frequency)
IFaw (Age-adjusted drinking water
ingestion factor)

350 daysl/year
1.1L-year/kg-day

DV\Nca -
SF3 EF. 3 IR,
where,
DWVca (Drinking water value) = chemicaktspecific, pg/L or ppb
TR (Target risk level) = 10°
ATca (Averaging time) = 28,470 days
CF (Conversion factor) = 1,000 pg/mg
SF (Oral cancer slope factor) = chemicatspecific, (mg/kgday)*

2. EQUATION FOR CARCINO GENS WITH MUTAGENIC EFFECTS:

TR3 AT, 3 CF

EFres (Exposure frequency)
IFawmut  (Age-adjusted drinking water
ingestion factor)

350 daysl/year
3.6L-year/kg-day

DWVmLIt =
SF3 EFres 3 II:dw,mut
where,
DWVmut  (Drinking water value) = chemicatspecific, pg/L or ppb
TR (Target risk level) = 10°
ATca (Averaging time) = 28,470 days
CF (Conversion factor) = 1,000 pg/mg
SF (Oral cancer slope factor) = chemicatspecific, (mg/kgday)*

3. EQUATION FOR NONCARC INOGENIC EFFECTS:

3 3 3 3
DWV.. _ THQ® AT, 3 RfD3 RSC,, 3 CF
EFresalew

where,

DWVnc (Drinking water value)

THQ (Target hazard quotient)

ATres  (Averaging time)

RfD (Oral reference dose)

RSCw  (Relative sourcecontribution)

CF (Conversion factor)

EFes  (Exposure frequency)

IFaw (Age-adjusted drinking water
ingestion factor)

chemicaltspecific, ug/L or ppb
1

11,680 days
chemicatspecific, mg/kgday
chemicalspecific or 0.2

1,000 pg/mg

350 daysl/year
1.1L-year/kg-day

4. EQUATION FOR DEVELOP MENTAL EFFECTS - CHILD :



DWV

where,
DWVdev
THQ
ATehilg
Rf Ddev
BWehnila
RSC.
CF
EDchilq
EFreS

IRdw, child

_THQ?3 AT,,,,% RfD
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dev

3 BW,,,,3 RSC, ® CF

dev —

EDchild3 ERes ® IRdw,child

res

(Drinking water value)

(Target hazard quotient)
(Averaging time)

(Oral reference dose)

(Body weight)

(Relative source contribution)
(Conversion factor)
(Exposure duration)
(Exposure frequency)
(Drinking water ingestion rate)

chemicatspecific, ug/L or ppb
1

2,190 days

chemicalspecific, mg/kgday
15kg

0.2 orchemicatspecific

1,000 pg/mg

6 years

350 daysl/year

0.78 L/day

5. EQUATION FOR DEVELOP MENTAL EFFECTS T PREGNANT

chemicatspecific, ug/L or ppb
280 days orchemicalspecific
1 day or chemicaitspecific
chemicalspecific, mg/kgday
0.2 orchemicatspecific

1,000 pg/mg

0.767 year or chemicakpecific
1 day orchemicalspecific
268.5 days/year or chemical

specific
1 day/day or chemicalspecific

RESIDENT:
DWV, = THQ?3 ATFE%3 Rf?g:: ?\:\F/;reg 8 RSC, 3 CF
preg res dw,preg
where,
DWV4ev  (Drinking water value) =
THQ (Target hazard quotient) =1
ATpregrr  (Averaging time, full-term =
pregnancy)
ATpregse  (Averaging time, single event =
exposure during pregnancy)
RfDaev (Oral reference dose) =
BWoreg (Body weight, pregnant = 75kg
resident)
RSC. (Relative sourcecontribution) =
CF (Conversion factor) =
EDpregrr (Exposure duration, full-term =
pregnancy)
EDpreg. s (Exposure duration, single event =
exposure during pregnancy)
EFpregrr - (Exposure frequency, fulterm =
pregnancy)
EFpregse (Exposure frequency, single =
event exposure during
pregnancy)
IRaw,preg  (Drinking water ingestion rate, =

pregnant resident)

1.8 L/day

The ageadjusted drinking water ingestion factors shall be calculatedoursuant to
equations6 and 7 of this rule.



6.

where,

7.

where,
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IF 4w for carcinogens(Equation 1) and noncarcinogengEquation 3):

1.1L-year/kg-day
0.78 L/day

6 years
15 kg

2.5L/day

26 years

IF. = ?‘ARdw,ageq.s ° ED399<1-6 8+ %Rdw,adult 3 EDaduIt 8
dw —
gﬁ‘ BWage <1-6 = C BVvadult

IFaw (Age-adjusted drinking water =
ingestion factor)

IRdw,age <1-6 (Drinking water ingestion =
rate, child)

EDage <1-6 (Exposure duration, child) =

BWage <1-6 (Body weight, child) =

IRdw,adult (Drinking water ingestion =
rate, adult)

EDaduit (Exposure duration, adult) =

BWaguit (Body weight, adult) =

80 kg

IF aw,mut fOr carcinogens with mutagenic effect§Equation 2):

F= _&R_,3ED_,3 ADAF,, g+ % ,.63 ED, 3 ADAF, g+
BW<2 i BWz-e +
%Rﬁ-le 8 ED6-16 8 ADAF6-16 g_'_ %Rm 323 ED16-323 ADAFlG-SZ%
G BWs.16 - C BWis.32 -
IFaw mut (Age-adjusted drinking water = 3.6L-year/kg-day
ingestion factor)
IRdw,age <2 (Drinking water ingestion = 0.82 L/day
rate, age <2 years)
EDage <2 (Exposure duration) = 2years
BWage <2 (Body weight, age <2 years) = 9.6 kg
ADAF-., (Age-dependent adjustment = 10, unitless
factor for cancer potency, age
<2 years)
IRdw,age 2-6 (Drinking water ingestion = 0.76 L/day
rate, age 26 years)
EDage 2-6 (Exposure duration, age 26 = 4years
years)

BWage 26 (Body weight, age 6 years) = 17 kg
ADAF2 (Age-dependent adjustment = 3, unitless
factor for cancer potency, age

2-6 years)

IRdw,age 6-16 (Drinking water ingestion = 1.3 L/day
rate, age 616 years)

EDage 6-16 (Exposure duration, age 616 = 10 years
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years)

BWage 6-16 (Body weight, age 616 years)

ADAFe.16 (Age-dependent adjustment
factor for cancer potency, age
6-16 years)

IR16-32 (Drinking water ingestion
rate, age 1632 years)

ED16-32 (Exposureduration, age 1632
years)

BWie-32 (Body weight, age 1632
years)

ADAF16.32 (Age-dependent adjustment
factor for cancer potency, age
16-32 years)

44 kg
3, unitless

2.3L/day

16 years

77 kg

1, unitless

NONRESIDENTIAL:
8. EQUATION FOR CARCINO GENIC EFFECTS:

owy = TR®AT,® BW,,, 3 CF
" SF3ED, 3 EF,3 IR

dw,nr

where,

DWV.a  (Drinking water value) chemicatspecific, ug/L or ppb

TR (Target risk level) = 10°

ATca (Averaging time) = 28,470 days

BWaaut  (Body weight, adult) = 80Kkg

CF (Conversion factor) = 1,000 pg/mg

SF (Oral cancer slope factor) = chemicatspecific (mg/kgday)*
EDn (Exposure duration) = 20years

EFnr (Exposure frequency) = 238 dayslyear

IRawnr  (Drinking water ingestion rate) = 1.3 L/day

9. EQUATION FOR NONCARC INOGENIC EFFECTS:

_ THQS3 AT, 2 RfD® BW,,, 3 RSC, ® CF

DWV, =
EDnr 3 EFnr 3 lew,nr
where,
DWVn¢ (Drinking water value) = chemicalspecific, ug/L or ppb
THQ (Target hazard quotient) =1
ATnr (Averaging time) = 7,300 days
RfD (Oral reference dose) = chemicalspecific, mg/kgday
BWoadut (Body weight, adult) = 80 kg
RSCw (Relative source contribution) = 0.2 orchemicalspecific
CF (Conversion factor) = 1,000 pg/mg
EDnr (Exposure duration) = 20years



EFnr
IRdw, nr
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(Exposure frequency)
(Drinking water ingestion rate)

238 daysl/year
1.3 L/day

10.EQUATION FOR DEVELOP MENTAL EFFECTST PREGNANT
WORKER:

where,

DWV,

DWVev
THQ
ATdev,Fr
ATdev,SE
RfD
BV\/dev
RSCw
CF
EDdev,FT

EDdev,SE

EFdev,Fr

EI:dev,SE

IRdw, dev

dev

THQ3 AT,,, 3 RfD3 BW

3 RSC, ® CF

dev
ED,,, 2 EF,,? IR

dev dw,dev
(Drinking water value)

(Target hazard quotient)
(Averaging time, pregnant worker,
full -term pregnancy)

(Averaging time, pregnant worker,
single event exposure during
pregnancy)

(Oral reference dose)

(Body weight, pregnant worker)
(Relative source contribution)
(Conversion factor)

(Exposure duration, pregnant
worker, full -term pregnancy)
(Exposure duration, pregnant

worker, single event exposure during

pregnancy)

(Exposure frequency, pregnant
worker, full -term)

(Exposure frequency, pregnant

worker, single event exposure during

pregnancy)
(Drinking water ingestion rate)

EQUAHONFFOR-CARCINGSENICEFFECTS:

TR3BW?3 AT3 CF

where

DWC=

SFSEF3ED IR,

TRy REi

chemicatspecific, ug/L or ppb
1
280 days or chemicakpecific

1 day or chemicaitspecific

chemicalspecific, mg/kgday
75 kg

0.2 orchemicatspecific

1,000 pg/mg

0.767 year or chemicakpecific

1 day or chemicalspecific

183 days/yearor chemicak
specific
1 day/dayor chemicalspecific

0.9 L/day
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ED  (Exposuraluration) -
Rew  (Brinking-wateringestionrate) =
EQUAHONFORNONCARINOGENS:
M~ — THQ 3 RID2 BW 2 AT2 RSC @ CF
o EFSED? R dw
where
DWC (Drinking-watercriterion) -
THQ  (Target hazard quotient) =
RiB  (Oralreference-dese) -
BW  {Body-weight) -
AT (Averagingtime)
RSC (Relative-source-contribution) =
CF  (Conversionfactor) -
EF Exposurefrequency) -
ED  (Exposureduration) -
Raw

] O—HePd 33‘; a

30-years-{residential)

21 'l.'te'ydﬂ%@es‘de“’da_ )

R 29914 Rescinded Genericcleanup—criteria—for-groundwater-based-en-hazardous
substance-vapeors-emanating-from-groundwater-to-indeor air.

rdwater to
hazardous
Henr y
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alculated

building source

cRe— {Ratio-of-sei-vaporconecentration 1o ——chemicalspecific,
us iy ) | o = of oy ifie_unitless
HLC (—H—g—n—r—y—é—s—l—a—w—eensz—ehemie&lspeeme,

eff 7] 9
éé D A ‘ 50|I crack gj

p%crack
A bewIdan-T

@ crack H

e e [eff @ eneff o O, %)
Z 3 5 - DA < D A N 2 A N
,expa QsoiILcrack §+ Q T P U+ Q T U&X a QsoiILcrack § 13:]
g o CIad(Acrack - é bqumgLT \ ngoiILT g@ Q:BcrackAcraCk = QE
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P Total effective diffusi ficient) = _chemicalspecific, crs

Bl (Totaeffective diffus ficient) = chemical ific—erls
L < buildi o di &) = residential)
=300-cm-bonresidentigl

hy (Fhickness-efvadosezone-helow =75-cm-{residental)
enclosed-space-floor) = 260-cm-honresidentigl

Eoack  (Bulldingfoundation-thiekness) =15em

et (Effective diffus i I h = 2ie

' vadosezone)

et {Thickness-of capillaryfringe) =25em
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—(d)yFemperatvrad+—ustment—factor— for Henryds | aw col

R 299.16 Generic flammability and explosivity screening level for hazardous
substances in groundwater.

Rule 16. (1) Except as provided in the footnotes of the generic cleanup criteria
tables in R 299.49the flammability and explosivity screening leve[FESL) shall be
calculated using chemicalspecific and chemicalphysical generic input values
provided in R 299.50 pursuant to the following equation

EQUATION FOR FESL:

LEL30.23 MW 3 P3 CF,
HLC? TAF 3 CF,

FESL =

where,
FESL (Flammability/explosivity
screening level)
LEL (Lower explosive limit)
MW (Molecular weight)

chemicalspecific, pg/L

chemicatspecific, %
chemicatspecific, g/mol

P (Atmospheric pressure) 1 atm
(Conversion factor for % to
CF: ug/L) 1P ng/g
HLC (Henryds | aw c¢ o = chemicatspecific atm
m3/mol
TAF (Temperature adjustment factor) = 0.5, unitless
CF; (Conversion factor for volume) = 10°L/m3

(2) The FESL is nota cleanup criterion for unrestricted residential use as used in
determining whether a location is a facilityas definedunder part 201 of the act or
property as definedunder part 213 of the act.

R 299.B Cleanup criteria for soil generally.
Rule B8. (1) The generic cleanup criteria for soil at a facility shalthemestrestrictive

of-the applicablecriteria developed-unddR-29920t6-R-29928established pursuant to
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R 299.6 considering thse relevant pathwaysthat-are—reasonable—and-relevaitthe
facility and the categorgf cleanup crlterla being proposed or |mplemented

Csat shaII be calculatedfor a smgle hazardous substancasmg the chemlcaJSpecmc
and chemicatphysical generic input values provided in R299.50 pursuant to the
following equation:

Con=>3[[K,2 1)+, +(H3TAF2 )]
b
where,

Csat  (Soil saturation concentration)

S (Solubility in water) chemicatspecific, pg/L

Ka (Soil-water partition coefficient for chemicatspecific, cn¥/g or
organic compounds: Ki =Koc X foc) L/kg

Koc  (Soil organic carbonpartition chemicatspecific, cn¥/g
coefficient)

chemicatspecific, ug/kg

foc (Organic carbon content of soil) = 0.002 g/g

I (Dry soil bulk density) = 1.66 g/cni

Qw (Soil water-filled porosity) = 0.054 Lwater/L soi

Qa (Soil air-filled porosity) = 0.375Lair/L soil

Hi (Di mensionl ess He = chemicatspecific, unitless
TAF  (Temperature adjustment factor) = 0.5, unitless

Department-approved facility-specific inputs to the Ga equation are allowed
pursuant to R 299.7.

(3) The department may developvalues to represent saturated total petroleum
hydrocarbon conditions at facilities where péroleum releases have occurred.

(4) The generic soil criteria are applicable at all soil depths.

(5) The department may develop and publish statewide defaukoil background
levels for hazardous substances that occur naturally in soil.

R 29920 Generic cleanup criteria for soil based on direct contact.

Rule 20. (1) Direct contact with soil shall be considered a relevant pathway for all
facilities.

(2) The healthhbased direct contact valueshall be calculated pursuant to the
following equations, except as provided for in R 299.34nd in the footnotes of the
generic cleanup criteria tables in R 299.49

(3) Toxicological, chemicalspecific and chemicatphysical generic input values are
provided in R 299.50.Both of the following apply:

(a) Chemicalspecificabsorption data shall be used in this rule if determined by the
department to be the best available information.
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(b) If chemical-specific absorption data are not available, then the following
generic absorption efficiencies shall be used:

(i) Ingestion adsorption efficiency AEi) shall be 50% for organic hazardous
substancesthat exhibit a log octanol water partitioning coefficient greater than 5
and a molecular weight greater than 200 grams per mole dhat are not ionizing
organic compounds, and 100% for all other organic hazardous substances.

(i) AEishall be 50% for inorganic hazardous substances.

(i) Dermal absorption efficiency (AEd) shall be assumed to be 10% for organic
hazardous substances

(iv) AEdshall be assumed to be 1% for inorganic hazardous substances

(v) Gastrointestinal absorption efficiency (ABSi) shall be assumed to be 100% for
all hazardous substances.

(4) The residential soil direct contact value shall be theminimum of the health
based values calculateghursuant to equations 1 to5 of this rule. The nonresidential
soil direct contact value shall be theminimum of the health-based values calculated
pursuant to equations11to 13 of this rule.

(5) The generic soil direct contact equations are as follows:

RESIDENTIAL:
1. EQUATION FOR CARCINO GENIC EFFECTS:

TR3 AT_ 3 CF

DCV,_, =
" (SF,3 EF,.2IF.® AE,)+(SF,3 EF, .. 3 DF3 AE,)
where,
DCVca  (Direct contact value) = chemicatspecific, ug/kg
TR (Target risk level) = 10°
ATca (Averaging time) = 28,470 days
CF (Conversion factor) = 1E+9 ug/kg
SF, (Oral cancer slope factor) = chemicatspecific,

(mg/kg-day)*

EFires  (Ingestion exposure frequency) 350 daysl/year

IFs (Age-adjusted soil ingestion factor) = 100.5 mgyear/kg-day

AE; (Ingestion absorption efficiency) = chemicatspecific oras
specified in subrule (3)(b) of
this rule

SFq (Dermal cancer slope factor) = chemicatspecific,

(mg/kg-day)*

275 dayslyear

4245 mgyear/kg-day
chemicalspecific oras
specifiedin subrule (3)(b) of
this rule

EFares  (Dermal exposure frequency)
DF (Age-adjusted soil dermal factor)
AEq (Dermal absorption efficiency)

2. EQUATION FOR CARCINO GEN WITH MUTAGENIC E FFECTS:

TR3 ATca® CF
26 )+ 5, £,

DCV,,, =
™t (SF,3 EF .3 IF

i,res s,mut

* DR, 2 AE,)

,res



where,

DCVmut

TR
ATca
CF
SFo

EFi,res
IFs,mut

AE;

SFq

EFd,res
DFmut
AEq
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(Direct contact value)

(Target risk level)
(Averaging time)
(Conversion factor)

(Oral cancer slope factor)

(Ingestion exposure frequency)
(Age-adjusted soil ingestion factor)
(Ingestion absorption efficiency)

(Dermal cancer slope factor)

(Dermal exposure frequency)

(Age-adjusted soil dermal factor)
(Dermal absorption efficiency)

chemicaltspecific, pg/kg or
ppb

10°

28,470 days

1E+9 pg/kg
chemicalspecific,
(mg/kg-day)*

350 daysl/year
578.4mg-year/kg-day
chemicatspecific oras
specifiedin subrule (3)(b) of
this rule

chemicatspecific,
(mg/kg-day)™*

275 daysl/year
2,060mg-year/kg-day
chemicaltspecific oras
specifiedin subrule (3)(b) of
this rule

3. EQUATION FOR NONCARC INOGENIC EFFECTS:

where,

DCV,, =

DCVnc

THQ
ATres
RSC;s

CF
RfDo
EFi,res
IFs
AE;

RfDy
EFd,res
DF
AEq

THQ3 AT, RSC, ® CF

(

1 1

SEF,. 3 IF, 3 AE,)+(

RfD, ' RfD

(Direct contact value)

(Target hazard quotient)
(Averaging time)

(Relative source contribution for

soil)
(Conversion factor)
(Oral reference dose)

(Ingestion exposure frequency)
(Age-adjusted soil ingestion factor)
(Ingestion absorption efficiency)

(Dermal reference dose)
(Dermal exposurefrequency)

(Age-adjusted soil dermal factor)

d

(Dermal absorption efficiency)

3 EF,

dres

3 DF3 AE,)

chemicatspecific, ug/kg or
ppb

1

11,680 days

1 or chemicalspecific

1E+9 pg/kg
chemicalspecific, mg/kgday
350 daysl/year

100.5 mgyear/kg-day
chemicalspecific oras
specifiedin subrule (3)(b) of
this rule

chemicalspecific, mg/kgday
275 dayslyear
424.5mg-year/kg-day
chemicalspecific oras
specifiedin subrule (3)(b)
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4. EQUATION FOR DEVELOP MENTAL EFFECTS - CHILD :

DCV,

where,

THQ3 A-I-ChiIdB BWchiId3 RSC53 CF

dev —

EDchild3 [( 1 3 EI:| res 3 IRS child3 AE|) +( 1

RfDo,dev Y ' RfDd,dev
DCVgev (Direct contact value) =
THQ (Target hazard quotient) =
ATchild (Averaging time) =
BWehild (Body Weight) =
RSCs (Relative source contribution for =

soil)
CF (Conversion factor) =
EDchild (Exposure duration) =
RfDogdev  (Oral reference dose) =
EFires (Ingestion exposure frequency) =
IRs child (Soil ingestion rate) =
AE; (Ingestion absorption efficiency) =
RfDagev  (Dermal reference dose) =
EFd res (Dermal exposure frequency) =
SAchild (Skin surface area) =
EV (Event frequency) =
AFchilg (Soil adherence factor) =
AEq (Dermal absorption efficiency) =

3 EF

3 SA\childg EV3 AI:childs AEd)]

d,res

chemicatspecific, ug/kg or ppb
1

2,190 days

15 kg

1 or chemicalspecific

1E+9 pg/kg

6 years

chemicalspecific, mg/kgday
350 daysl/year

179 mg/day
chemicatspecific oras
specifiedin subrule(3)(b) of
this rule

chemicalspecific, mg/kgday
275 daysl/year

2,400cm?

1 event/day

0.3 mg/cnf-event
chemicatspecific oras
specifiedin subrule (3)(b) of
this rule

5. EQUATION FOR DEVELOP MENTAL EFFECTS T PREGNANT

DCV,

where,

dev —

RESIDENT:

~ THQ3 AT, ® BW, 3 RSC 2 CF
1 1

EDpreg 3 [(W3 EFi,preg 3 IRs,preg 3 AE|) +(RfD 3 EFd,preg 3 SApreg 3EVS AFpreg 3 AEd)]
o,dev d,dev
DCVgev (Direct contact value) = chemicatspecific, pg/kg or
ppb)
THQ (Target hazard quotient) = 1
ATpregrr (Averaging time, full-term = 280 days or chemicakpecific
pregnancy)
ATpregse  (Averaging time, single event = 1 day or chemicalspecific

exposure during pregnancy)
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BWoreg (Body weight, pregnant resident) = 75Kkg

RSCs (Relative source contribution for = 1 or chemicalspecific
soil)

CF (Conversion factor) = 1E+9 pg/kg

EDpregrr (Exposureduration, full -term = 0.767 year or chemicakpecific
pregnancy)

EDpregse  (Exposure duration, single event
exposure during pregnancy)

RfDodev  (Oral reference dose) chemicatspecific, mg/kgday

EFipregrr  (INngestion expasure frequency, fulk 268.5 days/year or chemical
term pregnancy) specific

EFipregse  (INngestion exposure frequency, 1 day/day or chemicalspecific
single event exposure during

1 day or chemicaitspecific

pregnancy)
IRs preg (Soil ingestion rate) = 89 mg/day
AE; (Ingestion absorption efficiency) = chemicatspecific oras

specifiedin subrule (3)(b) of
this rule
RfDagev  (Dermal reference dose) chemicalspecific, mg/kgday
EFapregrr (Dermal exposure frequency, full 268.5 days/year ochemical
term pregnancy) specific
EFapregse  (Dermal exposure frequency, single 1 day/day or chemicalspecific
event exposure during pregnancy)

SApreg (Skin surface area, pregnant = 5,500 cni
resident)
EV (Event frequency) = 1 event/day
AFpreg (Soil adherence factor) = 0.07 mg/cni-event
AEq (Dermal absorption efficiency) = chemicatspecific oras

specified in subrule B8)(b) of
this rule

The dermal slope factors and dermal reference dose shall be extrapolated from the
oral toxicity values pursuant to the following equations, except when dermal toxicity
endpoints are available.

6. Dermal slope factor and dermal reference dose:

SF,= o
ABS,

RfD, =R, 3 ABS,,

where,
SFq (Dermal cancer slope factor)
SFo (Oral cancer slope factor)
ABSy  (Gastrointestinal absorption

chemicatspecific,(mg/kg-day)*
chemicatspecific, (mg/kgday)*
1 or chemicalspecific
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factor)
RfDs  (Dermal reference dose) =
RfD, (Oral reference dose) =

The ageadjusted soil ingestion factors (Fs) shall
equations 7 and 8 of this rule.

chemicalspecific, mg/kgday
chemicalspecific, mg/kgday

be calculated pursuant to

7. IFsfor carcinogens(Equation 1) and noncarcinogeng Equation 3):

IFS - glgRs,<1-63 ED<1-6 8+é'|Rs,adult3 EDadultg

ée BW<1-6 9 C B\Nadult -
where,
IFs (Age-adjusted soil ingestion
factor)

IRs age <1-6 (Soil ingestion rate)

EDage <1-6 (Exposure duration)

BWage <1-6 (Body weight)

IRs adult (Soil ingestion rate)

EDadurt (Exposureduration)

BWadut (Body weight)

100.5 mgyear/kg-day

179 mg/day
6 years

15 kg

89 mg/day
26 years

80 kg

8. IFsfor carcinogens with mutagenic effect§Equation 2):

4R _,% ED_, 3 ADAF,

s,<2

éIRs,z-s 3 ED2—6 3 ADAFz-e

+

1Py = 8 G55
o o BW.,, - G BW,.¢

-|-aDO

éIRS,G-lG 3 EDG-lG 3 ADAFG-lG 6 éIRS,16-32 3
g*&

? BW;.16 - G
where,

IFsmut (Soil ingestion factor for
mutagens)

IRs, <2 (Soil ingestion rate, age <2
years)

ED < (Exposureduration, age <2
years)

BW -, (Body weight, age <2 years)

ADAF -, (Age-dependent adjustment
factor for cancer potency, age
<2 years)

IRs, 2-6 (Soil ingestion rate, age B
years)

ED2s (Exposureduration, age 26
years)

BW s (Body weight, age 26 years)

ADAF2 (Age-dependent adjustment

EDlG- 32 3 ADAFlB- 32 g
BWlG— 32 -

578.4mg-year/kg-day

179 mg/day

2 years

9.6 kg
10, unitless

179 mg/day

4 years

17 kg
3, unitless
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factor for cancer potency, age

2-6 years)

IRs, 6-16 (Soil ingestion rate, aged6 = 89 mg/day
years)

EDe.16 (Exposureduration, age 616 = 10 years
years)

BWse.16 (Body weight, age 616 years) = 44Kkg
ADAFe.16 (Age-dependent adjustment = 3, unitless
factor for cancer potency, age

6-16 years)

IRs 16-32 (Soil ingestion rate, age 182 = 89 mg/day
years)

ED16-32 (Exposure duration, age 1632 = 16 years
years)

BWie-32 (Body weight, age 1632 = 77Kkg
years)

ADAF16-32 (Age-dependent adjustment = 1, unitless
factor for cancer potency, age
16-32 years)

The ageadjusted soil dermal factors shall be calculategpursuant to equations9 and
10of this rule.

Age-adjusted soil dermal factor (DF):
9. DF for carcinogens(Equation 1) and noncarcinogengEquation 3):

DF = énSA a6 EV? ARG s *ED s 8_,_% aqu > EV'3 AR 43 EDaduItg
(;:a BW <1-6 9 ¢ BWaduIt -
where,
DF (Age-adjusted soil dermal =  424.5mg-year/kg-day
factor)
SA (Skin surface area) = 2,400 cni
EV (Event frequency) = 1 event/day
AF <16 (Soil adherence factor) = 0.3 mg/cnf-event
ED < (Exposure duration) = 6years
BW <16 (Body weight) = 15kg
SAadult (Skin surface area) =  6,000cm?
AFadult (Soil adherence factor) =  0.07 mg/cm-event
EDadult (Exposure duration) = 26years
BWaduit (Body weight) = 80kg

10.DF for carcinogens with mutagenic effect§Equation 2):
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DE = %SAQ 3SEV3 AF_,3 ED_,3 ADAF_, 8* %SAZ_G 3EV3 AF, 3 ED,,3 ADAF, 8*
m (o BW<2 -~ C BWz-e -
%SA(S-HS 3 EV3 AF6-16 3 ED6-16 3 ADAF6-16 8+éSA16-32 3 EV3 AF16-32 3 ED16-32 3 ADAF16-32§
C BW6-16 - C BW16-32 -
where,
DFmut (Soil dermal factor for = 2,060mg-year/kg-day
mutagens)
SA < (Skin surface area, age <2 = 2,000 cni
years)
EV (Event frequency) = 1 event/day
AF o (Skin adherence factor,age = 0.3 mg/cn#-event
<2 years)
ED < (Exposure duration, age <2 = 2 years
years)
BW < (Body weight, age <2 years) = 9.6kg
ADAF., (Age-dependent adjustment = 10, unitless
factor for cancer potency, age
<2 years)
SA 26 (Skin surface area, age b = 2,600 cni
years)
AF 256 (Skin adherence factor, age2 = 0.3 mg/cnf-event
6 years)
ED 26 (Exposure duration, age 26 = 4years
years)
BW 25 (Body weight, age 6 years) = 17Kkg
ADAF2.6 (Age-dependent adjustment = 3, unitless
factor for cancer potency, age
2-6 years)
SAs 16 (Skin surface area, age 4.6 = 3,700 cni
years)
AF 616 (Skin adherence factor, age6 = 0.07 mg/cni-event
16 years)
EDe616 (Exposure duration, age 616 = 10 years
years)
BW .16 (Body weight, age €16 years) = 44 kg
ADAFe.16 (Age-dependent adjustment = 3, unitless
factor for cancer potency, age
6-16 years)
SAi6.32 (Skin surface area, age 182 = 5,700 cni
years)
AFi6.32 (Skin adherence factor,age = 0.07 mg/cni-event
16-32 years)
ED16.32 (Exposure duration, age 1632 = 16 years

years)



BW36.32

ADAF16.32
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(Body weight, age 1632
years)

(Age-dependentadjustment

factor for cancer potency, age

16-32 years)

NONRESIDENTIAL:
11. EQUATION FOR CARCINO GENIC EFFECTS:

DCV,,,, =

ca,nr

where,

TR3 AT.,3 BW,,,, % CF

adult

77 kg

1, unitless

DCVca,nr

TR
ATeca
BWaduIt
CF
EDnr
Sk

EFi,nr
IRs nr
AE;

SFq

EFd,nr
SAnr
EV
AFn
AEq4

ED,, 2 |(SF, 2 EF

inr
(Direct contact value

(Target risk level)
(Averaging time)

(Body weight,adult)
(Conversion factor)
(Exposure duration)

(Oral cancer slope factor)

(Ingestion exposure frequency)
(Soil ingestion rate)

(Ingestion absorption efficiency)

(Derived dermal cancer slope
factor)

(Dermal exposure frequency)
(Skin surface area, adult)
(Event frequency)

(Soil adherence factor)
(Dermal absorption efficiency)

3 IRs.,nra AEi)-'-(SFd3 EI:d

,nr

3 S'A‘nr?’ EV3 AFnr3 AEd)]

chemicatspecific, ug/kg or
ppb

10°

28,470 days

80 kg

1E+9 pg/kg

20 years
chemicatspecific, (mg/kg
day)?

238 days/year

89 mg/day
chemicalspecificor as
specifiedin subrule (3)(b) of
this rule

chemicatspecific, (mg/kg
day)*

188 daysl/year

3,500 cn}

1 event/day

0.2 mg/cni-event
chemicalspecificor as
specifiedin subrule (3)(b) of
this rule

12. EQUATION FOR NONCARC INOGENIC EFFECTS:

DCV,, =

where,

s RSC, 3 CF

_ THQ?3 AT, 3 BW, g
Qa1 9 a1
ED_ 3 ¢ SEF IR, 3 AE Q+
nr %fD nr snr I 8 %fD
€ o C d
DCVnc (Direct contact value)
THQ (Target hazard quotient)

3 EF,

3 SAn3 EV3 AF,, 3 AEdg
o

dnr

chemicalspecific, ug/kg or

ppb
1



ATn
BWaduIt
RSC;s
CF
EDn
RfDo
EFi,nr
IRs,nr
AE;

RfDq
EFd,nr
SAnr
EV
AFn
AEq4
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(Averaging time)

(Body weight)

(Relative source contribution)
(Conversion factor)

(Exposure duration)

(Oral reference dose)
(Ingestion exposure frequency)
(Soil ingestion rate)

(Ingestion absorption efficiency)

(Derived dermal reference dose)
(Dermal exposurefrequency)
(Skin surface area, adult)

(Event frequency)

(Soil adherence factor, worker)
(Dermal absorption efficiency)

7,300 days

80 kg

1 or chemicatspecific

1E+9 pg/kg

20 years

chemicatspecific, mg/kgday
238 daysl/year

89 mg/day
chemicalspecific oras
specifiedin subrule (3)(b) of
this rule

chemicatspecific, mg/kgday
188 daysl/year

3,500 cnd

1 event/day

0.2 mg/cni-event
chemicaltspecific oras
specifiedin subrule (3)(b) of
this rule

13.EQUATION FOR DEVELOP MENTAL EFFECTS i PREGNANT
WORKER:
DCV, = _ THQ3 ATdevj E:Wdev 3 RSC, 3 CF i
ED, *éh L SEF, 3R, °AEQ+® L~ 3EF,, 3SA, *EV?AF, °AE,Q
dev % i.dev s, dev i 9 éﬁqud’dev d,dev dev dev d 8&1
where,
DCVgev  (Direct contact value) = chemicalspecific, pg/kg or
ppb
THQ (Target hazard quotient) = 1
ATaevrr  (Averaging time, pregnant = 280 daysor chemicalspecific
worker, full -term pregnancy)
ATaeevse  (Averaging time, pregnant = 1 dayor chemicalspecific
worker, single event exposure
during pregnancy)
BWiaev (Body weight, pregnant worker) = 75Kkg
RSCs (Relative source contribution) = 1 or chemicalspecific
CF (Conversion factor) = 1E+9 pg/kg
EDdevrr  (Exposure duration, pregnant = 0.767 yearor chemicat
worker, full -term pregnancy) specific
EDdevse  (Exposure duration, pregnant = 1 dayor chemicalspecific
worker, single event exposure
during pregnancy)
RfDo,¢ev  (Oral reference dose) = chemicalspecific, mg/kgday
EFigevrr  (Ingestion exposure frequency, = 183 daysl/year or chemical

pregnant worker, full-term

specific
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pregnancy)

EFigevse  (INngestion exposure frequency, = 1 day/day or chemicalspecific
pregnant worker, single event
exposure during pregnancy)

IRs dev (Soil ingestion rate, pregnant = 89mg/day
worker)
AE; (Ingestion absorption efficiency) = chemicatspecific oras

specifiedin subrule (3)(b) of
this rule

chemicatspecific, mg/kgday
183 days/year or chemical

RfD4,dev  (Dermal reference dose)
EFadevrr  (INngestion exposure frequency,

pregnant worker, full -term specific
pregnancy)
EFusdevse  (Dermal exposure frequency, = 1 dayday
pregnant worker)
SAdev (Skin surface area, pregnant = 3,100 cn}
worker)
EV (Event frequency) = 1 event/day
AFgey (Soil adherence factor, pregnant = 0.2 mg/cn?-event
worker)
AEq (Dermal absorption efficiency) = chemicalspecific oras

specifiedin subrule (3)(b) of
this rule

DCC= TR3 AT 3 CF
SF3 [(EF,® IF® AE,) +(EF, % DF? AE )]
where
bce o tact criterion) = chemicalspecific; ug/kg-orppl
TR  (Targetrisklevel) = 16°
AT ing time) = 25550 days{70-years %365
days/year)
GF  {Gonversionfactor) = 1E+Sugikg
or (Oral-cancer-slope.factor) = chemicalspecific(mglkgday)
1
EF . wre-freguency) = 350-dayshyear
I [/ justed-soil-ingestionfactor) = 114-mgyearkgday*
AE, : - iciency) = chemicalspecific-or-default
{ihgestion-absorption-efficienc ified at R 2020(3)
EFs  (Dermalexposure-frequency) = 245daysiyear
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DF (Age-adjusted soil dermal factor) =

AE E | ol . ficiency) _
EQUATIONS FOR NONCARZINOGENS:

DCC = THQ3 RfD3 AT 3 CF3 RSC

[(EF 3 IF3 AE))+(EF,3 DF3 AE )]

where

pcc (@i iterion) _

THQ (Target hazard quotient) =

RiD  (Oralreferencedose) =

AT (Averagirgtime) =

CF (Conversion factor) =

RSC (Relative-source-contribution) =

ER (Ingestion exposure frequency) =

= E ; ! coil i iy N =

AE; (Ingestion absorption efficiency) =

EFRy {Dermal-exposure-freguency) =

DE fAge-adiusted-soi-dermalactor) =

AEq ; | ol i ficiency) _
and

*|E = g‘clxRage 16 ) EDagel-6 8+ élRaduIt 3 EDaduItQ

83 BWagel 6 9 C BWadult -

where,

1Rsoiltage-16 (se#rmgesuemaa%e)

EDage1s Q%epes&e—elwaﬂen)

BWage 16 (Body-weight)

IR aduit {Soilingestion-rate)

EDaduit {Exposure-duration)

BWadu (Bedy-weight)

200 mg/day
6-years

100-mglday
24-years
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~

*x»* DF= FéPSAage 16 °EV?E AFage 16 ) EDaQe 16 8+;é‘nSAadult3 EV?3 AFaduIt3 EDaduIt Q
83 BW e 1.6 9 gé BW_qui 9
where,
SAage 16 {Skin-surface-area) = 2,670-cnildayevent
EV (Eventfreguency) = leventiday
AFage1s (%ei#adhe#enee{aetor) = O2mglen
EDage 16 {E)@pesun_}du%anen) = b year
BWoage 16 QBer—wmgh%) = 15kg
SAaduit {Skinsurface-area) = 5;800-cnidayevent
AFadut (Soil-adherence-factor) = 0:07-mgled
EDBadutt {E)@pesupgdwaﬂen) =  2dyear
BWadun Body-welight) = {0kg

TR3BW?3 AT 3 CF

SF3 EDS3 [(EF 3 IR, 3 AE,)+(EF, 3 SAS EV3 AF3 AE,)]

where

pDCe : . - chemical ie—ug b

R Fargetrisklevel) = 10°

BW  (Body-weight) = 70kg

AT (Averaging-time) = 25550 days{70-yearsx-365

daysfyear)

CF  (Genversionfacter) = 1E+O-uglkg

Sk {Oralcancerslopefactor) = chemicalspecific (mg/kgday)t

ED (Exposure duration) = 21 vyears

EF  (Ingestion exposuiequency) = 245daystyear

IR, Soiti i ) _ _ )

AE; . , iciengy) = : . It
(Rgestion-absorption-efficienc ellen_nf_eallspeahe orgefay

ERy {Bermal-exposure-freguency) = 160-dayshyear

SA  (Skin-surface-area) = 3;300-cni/day-event

EV (Event frequency) = 1levent/day

AR (Seil-adherencefactor) = 02mglent(nonresidential

AEq (Dermalabsorption-efficiency) = chemicalspecific-or-default
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ified-at R 2020(3!
EQUATHON-FORNONCARINOGENS:

THQ®2 RfD* BW?3 AT 2 CF3 RSC
ED® [(EF.® IR, 2 AE,) +(EF, 3 SA® EV? AF® AE )]

DCC=

where

E
g

BW  (Bedy-weight) +0-kg

AT (Averaging-time) 7,665-days{21 yearsx-365
dayshyear)

cF {Conversiontactor) = AE+G9-ugikyg

RSC (Relative source contribution) = 1

ED {Exposure-duration) = 2lyears

ER ngestion-exposure-frequency) = 245-daysfyear

R (Soil ingestion rate) = 100-mglday

AE;  (Ingestion absorption efficiency) =  chemicalspecific or default
specitied-atR-2920(3}

= {Bermal-expesure-fregquency) = 160 days/year

SA  (Skin-surface-area) = 3;300-cni/day-event

EV  (Eventfregquency) = Ztevent/day

AE Soiladhereneefactor) =  O2mglent{nonresidential

AEqs  (Dermalabsorption efficiency) = chemicalspecific or default
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R 29922 Generic cleanup criteria for soil based on leaching of hazardous substances
into groundwater.
Rule 22. (1) To assure that soils do not pose a threat of aquifer contamination, the

concentratlon of the hazardous substance in soil blealielew—that—whreh—pmeleees a

Hslebased—enteﬂen—that—mmutd—ethenﬁlse—be4he4ﬂest—resmetmet elther of the
following:

(a) The total soil concentration groundwater protection criteria as described in
subrule (2) of this rule.
(b) The groundwater crlterla in son leachate as descrlbed |n subrule (2) of thls rule.

@

Whtehever—is—thgheThe 50|I concentratlon protectlve of groundwatershall be the
higher of the values derived as follows:

(a) Soilwater partition value, if sufficient information is available to derive the
value for the hazardous substance.

(b) The groundwater criterion multiplied by 20.

(3) When sufficient information is available, the soil-water partition value shall be
calculated using the toxicological, chemicalspecific and chemicatphysical generic
input values provided in R299.50 pursuantto equations1 and 2 of this rule:

1. EQUATION FOR SOIL -WATER PARTITION VALUE (SWPV):

o 5 s ~
SWPV =Cw gK, + g0 (Hi> TAF > d )g
é ¢ by =1
where,
SWPV (Soil-water partition value) = chemicalspecific, ug/kg or ppb
Cw (Target soil leachate = chemicatspecific, pg/L or ppb
concentration; applicable
groundwater criterion x 16)
Kd (Soil-water partition coefficient; = chemicatspecific,cm3/g or L/kg
Kd for organics: Kd = Koc X foc)
Koc (Soil organic carbon partition = chemicaktspecific,cm3g

coefficient)
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foc (Fraction of organic carbon = 0.002 g/g
content of soil)

h (Total soil porosity) = 0.375 Lpore/L soil

Ow (Soil water-filled porosity) = 0.054 Lwater/L soil

Qa (Soil air-filled porosity) = 0.321 Lair/ Lsoi

H' (Di mensi onl ess = chemicatspecific, unitless
constant)

Note: for calculation of the
SWPV for inorganic hazardous
substances, H' equals zero.

TAF (Temperature adjustment = 0.5, unitless
factor)
}b (Dry soil bulk density) = 1.66g/cm?

Department-approved facility-specific inputs are allowed pursuant to R299.7.

2. EQUATI ON FOR DI MENSI ONLESS HENRY0S LAW

= HLC:? CF
R3T
where,
Hi (Di mensionl ess He = chemicatspecific, unitless
HLC ( Henryds | aw cons = chemicatspecific, atm
m3/mol
R (Ideal gas constant) = 8.206E2 atm-L/mol-K
T (Temperature at 25 C) = 298.15K
CF  (Conversion factor) = 1,000 L/m?

(4) Soil leach testing is not required to demonstrate compliance with subrule (1) of
this rule if the total concentration of a hazardous substance in soil does not exceed
the soil criterion developed under subrulg?2) of this rule.

(385) Soil leachate shall meet the lowest applicable groundwater criterion. Soil
leachate concentrations shall be determined by a method that best represdats in
conditions. For the purposes of this rule, the following test methedscaeptable:

(&) The United StatesEnvironmentalpProtection aAgency's toxicity characteristic
leaching proceduremethod 1311FCLP){evised as ofluly 1992 or the synthetic
precipitation leachate procedumaethod 1312 {SPLP)-(evised as oSeptemberl994
as set forth inSW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods {revised to include Updatd/#, Juned3-1997ated August 2015 published
by the United StatesEnvironmentalProtectionAgency which are adoptebly reference
in these rules and which are available for inspection atlL#mesing office of the
dDepartmentof Environmental Quality, 525 WestAllegan Street Lansing Michigan
Copies of the provisions may be purchas¢dcost-as-ofthe-time-of-adoptiehthese
rules—of$239.00from the National Technical Information Service United States
Departmentof Commerce Alexandria5285—rt—Reyal-Read—Springfield, Virginia
2216122312 product code PB2002105728publication-numbeiRPB97-156111GEN o

CC



(b) Other methods accepted by the department to more accurately simulate conditions at
the site than the test methcsmamfled in subd|V|S|on (a) of thls subrule

_ TR3 AT XAIR
IURF 3 EF3ED® CR

building
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to-soil-concentration) —(uglnt){uglkg)
EQUATHONFORNONCARINOGENICEFFECTS:

THQ ® AT
(1/rmsL )s EF 3 ED 2 CR

building

en as:

building source

_HeTAF3C_3r, 310 kg/g® 10° cm’/m®
“~TXsource qw +(kd 3 rb)+(H'3TAF 3 qa)

o psoil




éé b U3 % 50|I crack 8J
@waldmg}-T crack crack o)
- é @ eff 7} eff [}
5 €DA, 2@ Sfa, e a0 6 &
exp crsa?;” crack +e v U Q v @ p£ Crsa(():ll crack
8 % “ crack8 Qbundmg}-T eroHL g@ c I(Acrackg 1{%
where
a (Attenuation coefficient) = unitless
pet Effective diffus tciont — chemical ifie—cris
through-vadose-zone)
Derack  (Effective diffusion-coefficient = enfle (k=P _see
through-erack) —eguation-forD below)
Ap (Area-of-enclosed-space-below-grac =1.96E+6-cri{residential)
= 3.83E+6-cri{nonresidential
Obuining  {Building-ventilation-rate) =151E+5-erfs{residential)



{d)—Femperature—adjustment factor for Henry

acterization.
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R 29926 Generic cleanup criteria for soil based on inhalation of hazardous substances

in ambient air.

Rule 26. (1) Inhalation of hazardous substance emissions in ambient air from soil shall
be considered seasenable-anctlevant pathway for all facilities.

(2) Generic cleanup criteria for soil based on inhalation of volatile hazardous substance
emission to amblent alr shall be called volatlle son mhalatlon cri(®&lC) —Generic

beeeme—\,telameAll of the foIIowmg apply

(a) The VSIC shall be calculated for infinite and finite sources.

(b) If the vertical extent of the hazardous substance source has not been
characterized then the infinite source criterion shall be used.

(c) If the vertical extent of the hazardous sbstance source has been adequately
characterized throughout the facility, then the criterion based on the finite 2 meter
or the 5 meter source thickness may be used. The finite source thickness assumes no
cover layer of clean soil.

(3) Generic cleanupcriteria for soil based on inhalation of particulate hazardous
substance emission to ambient air shall be called particulate soil inhalation criteria
(PSIC).

(4) Toxicological, chemicalspecific and chemicatphysical generic input values are
provided in R 299.50 and soil typespecific inputs pursuant toR 299.7.

(5) The health-based soil inhalation valuesshall be calculated pursuant to the
equations of this rule, except as provided in RR9934, and in the footnotesof the
generic cleanup criteria tables in R 299.49

(6) The residential volatile soil inhalation values shall be the minimum of the
health-based values calculated pursuant to equatiors to 5 of this rule. The generic
nonresidential volatile soil inhalation value shall be the minimum of the health
based values pursuant to equation8 to 8 of this rule.

(7) The residential particulate soil inhalation values shall be the minimum of the
health-based values daulated pursuant to equations11 to 15 of this rule. The
generic nonresidentialparticulate soil inhalation value shall be the minimum of the
health-based values pursuant to equation$6 to 18 of this rule.

(8) The health-based soil inhalation values for volatiles and particulates are
calculated using a dispersion factor (Q/C) value for a source area contamination size
of %2 acre. The VSIC and PSIC presented ithe generic soil cleanup criteria tables
in R 299.4 shall beadjusted for other contamination source area sizes appropriate
for the site to derive the generic VSIC and PSIC for the property by multiplying the
%2 acre VSIC and PSIC by the modifiers given in the following table.

(9) Where the actual source area sizfalls between the sizes given in this subrule,
the ¥z acregenericVSIC and PSIC shall be multiplied by the modifier for the next
larger source size.

Table of Dispersion Factor (Q/C) Values
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Contamination . . Modifier for
Source Area Size Dlsperszlon Factor (?/C) deriving final
(ft2 or acres) (g/m*-s per kg/m°) VSIC/PSIC
100 ft? 295.82 6.97
400 ft2 129.34 3.05
1000 ft2 91.05 2.14
2000 ft? 73.72 1.74
% acre 42.45 1.00
1 acre 37.24 0.88
2 acres 32.81 0.77
5 acres 28.02 0.66
10 acres 25.02 0.59
20 acres 22.27 0.52
30 acres 20.89 0.49
50 acres 19.24 0.45
75 acres 18.06 0.43
100 acres 17.21 0.41
150 acres 16.17 0.38
200 acres 15.43 0.36
300 acres 14.50 0.34
400 acres 13.88 0.33
500 acres 13.38 0.32
1000 acres 12.02 0.28
1500 acres 11.25 0.26

(10) The equations for the generic nonradential soil inhalation health-based
values do not explicitly include an exposure time. Continuous Zdour per day
exposure may not be representative of worker exposures in commercial or
industrial settings. Both of the following apply:

(a) Except as identified insubdivision (b) of this subrule, the generic nonresidential
VSIC and PSIC derived from the healthbased value equations of this rule mabe
adjusted to represent a 1zhour work day by multiplying the source size modified
health-based criterion from the criteria tables by 2, except criteria with an exposure
time designated as less than 1#ours shall not be adjusted. An exposure time
adjusted VSIC or PSICshall not exceed the maximum ceiling concentratioor be
lower than the target detection limit. A2 12-hour exposure time adjusted VSIC or
PSIC remains a generic nonresidential criterion. Other adjustments foexposure
time the-nrumberofwerk-day-heursmay be proposed asite-specific criteria based
on anonresidential land use that by its nature would only allow activities for a
limited exposure time. The activities allowed by the land use must be easily
identifiable, enforceable and included in the land or resource use restriction for the
property.

(b) Exposure time shall not be adjusted foffhe-nonresidential VSIC and PSICfer
teluene-and-1L 1 Atrichloreethane-are-developed from acceptable air concentrations
based uponaeuteshort-term inhalation reference values for exposures of less than

12 hours de5|gnated |n R 299. 49(1) (DD) to (FI%nd—e*pesure%me—gan—net—be
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(11) The generic voétile soil inhalation values and particulate soil inhalation values
equations are as follows:

RESIDENTIAL:
1. EQUATION FOR CARCINO GENIC EFFECTS:

where,

VSIV,, =

VSIVca

TR
ATca
IURF
EDres
EFTGS
VFes

(Exposure frequency) 350 daysl/year

TR3 AT,
a1 d
IURF3 ED,® EF..* &~ §
éﬁ/':res o
(Volatile soil inhalation value = chemical and source sizspecific,
for infinite or finite source) pg/kg or ppb
(Target risk level) = 10°
(Averaging time) = 28,470 days
(Inhalation unit risk factor) = chemicatspecific (ug/n#)?
(Exposure duration) = 32 years

(Volatilization factor for chemical and source sizapecific,
infinite or finite source) m3/kg

2. EQUATION FOR CARCINO GENS WITH MUTAGENIC EFFECTS:

VSIV,

where,

TR3 AT,

IURF3 EF 3 [(ED<23 ADAF<2)+(ED2»6 8 ADAF2»6)+(ED6-16 8 ADAF6-16)+(ED16-323 ADAFlS-SZ)]3 ﬁ

VSIVmut

TR
ATca
IURF
EFreS
ED <«
ADAF.;

EDs¢
ADAF,6

ED .16
ADAFg.16

ED 16.32

ADAF16.32

VFI’ES

res

a1

O
|-QO0O

res

(Volatile soil inhalation value for chemical and source size
infinite or finite source) specific, pg/kg or ppb
(Target risk level) 10°

(Averaging time) 28,470 days

(Inhalation unit risk factor) chemicatspecific, (ug/n¥)?
(Exposurefrequency) 350 daysl/year

(Exposure duration, age <2) 2 years
(Age-dependent adjustment factor 10, unitless
for cancer potency)

(Exposure duration, age 26 years) = 4 years
(Age-dependent adjustment factor = 3, unitless
for cancer potency, age % years)

(Exposure duration, age 616 years) = 10 years
(Age-dependent adjustment factor = 3, unitless
for cancer potency, age 4.6 years)

(Exposure duration, age 1632 = 16 years
years)

(Age-dependent adjustment factor = 1, unitless

for cancer potency, age 1632 years)
(Volatilization factor for infinite or

chemical and source sizgpecific,
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finite source) m3/kg
3. EQUATION FOR NONCARC INOGENIC EFFECTS:

3 3 3
vsiv,_ = THQ? AT, * RIC? RSC
41 6
& 0

EDres 3 EFres 3
%Fres -
where,

VSIVhe  (Volatile soil inhalation value chemical and source sizspecific,
for infinite or finite source) pg/kg or ppb

THQ (Target hazard quotient) 1

ATres (Averaging time)

RfC (Reference concentration)

RSC (Relative source contribution)

EDres (Exposure duration)

EFres (Exposure frequency) 350 daysl/year

VFres (Volatilization factor for chemical and source sizapecific,
infinite or finite source) m3/kg

11,680 days
chemicatspecific, pg/n?
1 or chemicalspecific
32 years

4. EQUATION FOR DEVELOP MENTAL EFFECTS - CHILD :

3 3 3
VSIV, = THQ3 AT 14 Rf(;devl RﬁSC
EDchild3 EFres S
%/Fres 8
where,
VSIVeev (Volatile soil inhalation value = chemical and source sizspecific,
for infinite or finite source) ug/kg or ppb
THQ (Target hazard quotient) 1
ATchie  (Averaging time) 2,190 days

RfCsev  (Reference concentration)

RSC (Relative source
contribution)

EDchia  (Exposure duration)

EFres (Exposure frequency) 350 daysl/year

VFres (Volatilization factor for chemical and source sizapecific,
infinite or finite source) m3/kg

chemicatspecific, ug/n®
1 or chemicalspecific

6 years

5. EQUATION FOR DEVELOP MENTAL EFFECTS T PREGNANT

RESIDENT:
THQ3 AT, 3 RfC,., 3 RSC
VsV, = 1R Alpeg jevl -
a Q
EDpreg® EFeg ® 88—

res —

where,



VSIVgey
THQ
ATpregrr
ATpreg.se
Rdeev
RSC
EDpreg,Fr

EDpreg,SE

EFpreg,Fr

EFpreg,SE

VFes
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(Volatile soil inhalation
value for infinite or finite
source)

(Target hazard quotient)
(Averaging time, full-term
pregnancy)

(Averaging time, single
event exposure during
pregnancy)

(Reference concentration)
(Relative source
contribution)

(Exposure duration, full-
term pregnancy)
(Exposure duration, single
event exposureduring
pregnancy)

(Exposure frequency, fult
term pregnancy)

(Exposure frequency, single

event exposure during
pregnancy)

(Volatilization factor for
infinite or finite source)

NONRESIDENTIAL:
6. EQUATION FOR CARCINO GENIC EFFECTS:

TR3 AT,

VSIV,, =

IURF3 ED, % EF, 3

where,
VSIVca

TR
ATeca
IURF
EDnr
EFnr
VFEn

[o]

1

|-CDO

nr

L

(Volatile soil inhalation value

for infinite or finite source)
(Target risk level)
(Averaging time)
(Inhalation unit risk factor)
(Exposure duration)
(Exposure frequency)
(Volatilization factor for
infinite or finite source)

chemical and sourcesize specific,
Hg/kg or ppb

1
280 days or chemicabpecific

1 day or chemicalspecific

chemicatspecific, ug/n#
1 or chemicalspecific

0.767 year or chemicakpecific

1 day or chemicalspecific

268.5 days/year or chemicagpecific

1 day/day or chemicalspecific

chemical and source sizapecific,
m3kg

chemical and source sizspecific,
Hg/kg or ppb

10°

28,470 days

chemicatspecific (ug/nf)?

20 years

238dayslyear

chemical and source sizspecific,
m3/kg

7. EQUATION FOR NONCARC INOGENIC EFFECTS:



where,

VSIV, =

VSIVne

THQ
ATnr
RfC

RSC
EDnr
EFu
VFor
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_ THQ® AT, 2 RfC3 RSC

o

EDnr3 EFnr 3 a 1
é%nr 0
(Volatile soil inhalation value
for infinite or finite source)
(Target hazard quotient)
(Averaging time)
(Reference concentration)
(Relative source contribution)
(Exposure duration)
(Exposure frequency)
(Volatilization factor for
infinite or finite source)

chemical and source sizespecific,
Hg/kg or ppb
1

7,300 days

chemicalspecific, ug/n#
chemicalspecific orl

20 years

238 daysl/year

chemical and source sizespecific,
m3/kg

8. EQUATION FOR DEVELOP MENTAL EFFECTS T PREGNANT
WORKER:

where,

VSIV g, =

dev

VSIVdeV

THQ
ATdev,FT

ATdev,SE
Ichdev
RSC

EDdev,Fr

EDdev,SE

EFdev,FT

EFdev,se

VFdev

THQ?3 AT, 2 RfC,,, 3 RSC
EDdev 3 El:dev 3 (l/VFdev)
(Volatile soil inhalation value

for infinite or finite source)
(Target hazard quotient)
(Averaging time, pregnant
worker, full -term pregnancy)
(Averaging time, pregnant
worker, single exposure event
during pregnancy)

(Reference concentration)
(Relative source contribution)
(Exposure duration, pregnant
worker, full -term pregnancy)
(Exposure duration, single
exposure event during
pregnancy)

(Exposure frequency, pregnant
worker, full -term pregnancy)
(Exposure frequency, pregnant
worker, single exposure event
during pregnancy)
(Volatilization factor for

infinite or finite source,
pregnant worker)

chemical and source sizgpecific,
Hg/kg or ppb

1

280 days orchemicatspecific
1 day or chemicailspecific
chemicatspecific, ug/n®

1 or chemicalspecific

0.767 year or chemicakpecific

1 day or chemicaitspecific

183 days/year or chemicakpecific

1 day/day or chemicalspecific

chemical and source sizspecific,
m3/kg
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The soil to air volatilization factors (VF) shall be calculated for infinite and finite
sourcespursuant to equations9 and 10 of this rule, respectively.

The average flux for the finite sources may be derived using thEnited States
Environmental Protection Agency Exposure Model for Soil-Organic Fate and
Transport (EMSOFT) model or a modeling method approved by the department.

Soil to air volatilization factor (VF):
9. VF for infinite source equations:

(@)

(b)

(©)

where,
VFint

QI/C
J ave

sinf

Mo

KOC

fOC

10. VF for finite source (2 or 5 meter depth) equation:

Je =1 ,(4D,/ ¥ 3 10*cm®/m?

s,inf

b = (@D, (Hi* TAF) +¢,*D,,)/n’]
) r,Kq +0, +0,(Hi* TAF)

(Volatilization factor for infinite
source)

(Dispersionfactor for 1/2 acre)
(Normalized average flux for infinite
source in soil)

(Dry soil bulk density)
(Apparent diffusivity)

(Pi)

(Exposure time:

32 years x 3.1536E+7 sec/year
20 years x 3.1536E+7 seclyear)

(Total soil porosity)

(Soil water-filled porosity)
(Soil air-filled porosity)
(Diffusivity in air)
(Diffusivity in water)

(Di mensionl ess He

(Temperature adjustment factor)
(Soil-water partition coefficient)
For organic compounds

For inorganic compounds

(Soil organic carbon partition
coefficient)

(Organic carbon content of soil)

chemical and source size
specific, n¥/kg

42.45 g/m-sec per kg/nt
chemicatspecific, g/n?-sec

1.66 g/cni
chemicatspecific, cnf/sec
3.14159, unitless

1.01E+09 sec (residential)
6.31E+08 sec
(nonresidential)

0.375 Lpore/L soil

0.054 Lwater/L soil

0.321 Lair/L soil
chemicatspecific, cnt/sec
chemicatspecific, cnf/sec
chemicatspecific, unitless
0.5, unitless
chemicatspecific, cn¥/g
Koc (Cm3/g) X foc (9/9)
chemicatspecific, cn¥/g
chemicatspecific, cni/g

0.002 g/g
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10
VR, =(QIC)3 %%8
(; s fin +
where,
VFin  (Volatilization factor for finite =
source)
Q/C  (Dispersion factor for 1/2 acre) =
Jae  (Normalized average flux for 2 or =
sfin 5 meter finite source derived using
EMSOFT flux (Js) and the
equation: J3g = Js x (rv/Co))
Js (Instantaneous flux from soil at =
time t derived using EMSOFT)
Co Uniform contaminant =
concentration att = 0)
Is (Dry soil bulk density) =
RESIDENTIAL:

chemical and sourcesize
specific, n¥/kg

42.45 g/m-sec per kg/nt
chemicatspecific, g/n?-sec

chemicatspecific, g/n?-second
1.66E-06 g/cn?

1.66 g/cni

11. EQUATION FOR CARCINO GENIC EFFECTS:

PSIV,, =

where,

PSIVca

TR
ATea
IURF
EDres
EFres
PEF es

TR3 AT,

a 1 9
IURF3 ED,, 3 EF 3§)EF 8
res —

res

(Particulate soil inhalation
value)

(Target risk level)
(Averaging time)

(Inhalation unit risk factor)
(Exposure duration)
(Exposure frequency)
(Particulate emission factor)

chemical and source sizspecific,
Hg/kg or ppb

10°

28,470 days

chemicatspecific, (ug/n¥)?

32 years

350 daysl/year

source sizespecific, nt/kg

12. EQUATION FOR CARCINO GENS WITH MUTAGENIC EFFECTS:

PSIV, ., =

mut

where,

TR3 AT,

IURF3 EFres 3 [(ED<2 3 ADAF<2)+ (EDZ-G 3 ADAFZ»B) + (ED6-16 3 ADAFG»lG) + (ED16»32 8 ADAFlG»SZ)]g

PSIVmut

TR
ATca
IURF
EFres

(Particulate soil inhalation value)

(Target risk level)
(Averaging time)
(Inhalation unit risk factor)
(Exposure frequency)

chemical and source sizgpecific,
Hg/kg or ppb

10°

28,470 days

chemicatspecific, (ug/n¥)?

350 daysl/year
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ED < (Exposure duration, age <2 years) = 2years

ADAF..  (Age-dependent adjustment factor = 10, unitless
for cancer potency, age <2 years)

ED 26 (Exposure duration, age 26 years) = 4 years

ADAF26  (Age-dependent adjustment factor = 3, unitless
for cancer potency, age b years)

EDe.16 (Exposure duration, age 616 years) = 10 years

ADAFe. (Age-dependent adjustment factor = 3, unitless

16 for cancer potency, age €6 years)

ED 1632 (Exposure duration, age 1632 = 16 years
years)

ADAFi-  (Age-dependent adjustment factor = 1, unitless

32 for cancer potency, age 182 years)

PEFes (Particulate emission factor) = source sizespecific, n¥/kg

13. EQUATION FOR NONCARC INOGENIC EFFECTS:

_ THQ?® AT 3 RfC3 RSC

PSIV, . é
3
EFres %EF
where,

PSIVnc (Particulate soil inhalation = chemical and source sizspecific,

value) pg/kg or ppb
THQ (Target hazard quotient) =1
ATres (Averaging time) = 11,680 days
RfC (Reference concentration) = chemicatspecific, ug/n¥
RSC (Relative source contribution) = chemicatspecific orl
EDres (Exposure duration) = 32 years
EFres (Exposure frequency) = 350 dayslyear
PEFes (Particulate emission factor) = source sizespecific, n¥/kg

14. EQUATION FOR DEVELOPMENTAL EFFECT S-CHILD :

3 RSC

8

_ THQ? AT,,* RIC

dev

Chlld %EF

dev =

PSIV

dev —

where,

PSIVeey (Particulate soil inhalation chemical and source sizspecific,
value) ug/kg or ppb

THQ (Target hazard quotient) 1

ATchia  (Averaging time)

RfCsev  (Referenceconcentration)

RSC (Relative source contribution)

EDchia  (Exposure duration)

EFres (Exposure frequency)

2,190 days
chemicatspecific, ug/n®
1 or chemicalspecific

6 years

350 daysl/year
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PEFsev  (Particulate emission factor) = source sizespecific, n¥/kg

15. EQUATION FOR DEVELOPMENTAL EFFECTS - PREGNANT

RESIDENT
THQ?® AT_ .3 RfC, 3 RSC
psIv, = 1R ATpes e
a Q
ED,.. 2 EF .3
preg preg %’EFCIEV 8
where,
PSIVaev  (Particulate soil inhalation = chemical and source sizspecific,
value) pa/kg or ppb
THQ (Target hazard quotient) =1
ATpregrr - (Averaging time, full-term = 280 daysor chemicalspecific

pregnancy)
ATpregrr (Averaging time, single event
exposure during pregnancy)
RfCuev (Reference concentration)

1 dayor chemicalspecific

chemicatspecific, ug/n®

RSC (Relative source contribution) = 1 or chemicalspecific
EDpregrr - (EXxposure duration, full-term = 0.767 yearor chemicalspecific
pregnancy)

1 dayor chemicalspecific

EDpregse  (Exposure duration, single
event exposure during
pregnancy)

EFpregrr - (Exposure frequency, fult
term pregnancy)

EFpregse  (Exposure frequency, single
event exposure during
pregnancy)

PEFswev  (Particulate emission factor) = source sizespecific, n¥/kg

268.5 days/yeaor chemical specific

1 day/dayor chemical specific

NONRESIDENTIAL:
16. EQUATION FOR CARCINOGENIC EFFECTS:

TR3 AT,

PSIV,, =

QOO

a
IURFSEEW3EDW3§%2#
G nr

where,

PSIVca (Particulate soil inhalation value) chemical and source size
specific, ng/kg
10°
28,470 days
chemicatspecific, (ug/n¥)?
238 daysl/year
20 years
source sizespecific, nt/kg

TR (Target risk level)

ATca (Averaging time)

IURF  (Inhalation unit risk factor)
EFn (Exposure frequency)

EDn (Exposure duration)

PEF.  (Particulate emission factor)
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17. EQUATIONS FOR NONCARCINOGENIC EFFECTS:

where,

18. EQUATION FOR DEVELOP MENTAL EFFECTS 71

where,

_ THQS3 AT, 3 RfC3 RSC

PSIV,,

PSIVnc

THQ
AThnr
RfC
RSC
EDnr
EFo
PEFq

a
ED, 3EF, &g ~
nr nr éﬁ) 8

1 Q

EF, =

(Particulate soil inhalation value)

(Target hazard quotient)
(Averaging time)

(Reference concentration)
(Relative source contribution)
(Exposure duration)
(Exposure frequency)
(Particulate emission factor)

WORKER:
3 3 3
PV, = 1O Al RIC,, 2 RSC
ED,., 2 EF,.,°2
dev dev ;ﬁﬁg
PSIVeey  (Particulate soil inhalation
value)
THQ (Target hazard quotient)
ATeevrr  (Averaging time, pregnant
worker, full -term pregnancy)
ATeevse  (Averaging time, pregnant
worker, single event exposure
during pregnancy)
RfCaev (Reference concentration)
RSC (Relative source contribution)
EDdevrr  (Exposure duration, pregnant
worker, full -term pregnancy)
EDdevse  (Exposure duration, pregnant
worker, single event exposure
during pregnancy)
EFsevrr  (Exposure frequency, pregnant
worker, full -term pregnancy)
EFsevse  (Exposure frequency, pregnant
worker, single event exposure
during pregnancy)
PEFsev  (Particulate emission factor,

chemical and source size
specific, pg/kg or ppb

1

7,300 days
chemicalspecific, ug/n¥
1 or chemicalspecific

20 years

238 daysl/year

source sizespecific, n¥/kg

PREGNANT

chemical and source sizapecific,
Hg/kg or ppb

1

280 days or chemical specific
1 day or chemical specific
chemicatspecific, ug/n®

1 or chemicalspecific

0.767 year or chemicakpecific

1 day or chemicalspecific

183days/year or chemicalspecific

1 day/day or chemicalspecific

source sizespecific, n/kg
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pregnant worker)

The particulate emission factors (PEF) shall be calculatefbr paved roads or
driveways pursuant to equation 19 of this rule.

RESIDENTIAL AND NONR ESIDENTIAL:
19.EQUATION FOR PEF:

1

PEF = (Q/C)3 [Ew +E4]

where,

PEF (Particulate emission factor) 4.915.014&+7 for residential or
nonresidential %2 acre source
size, orsource sizespecific,
m3/kg
sSource size, olsource size

e reifke
42.45, g/m-sec per kg/nd
8.46€E-07 g/n? per sec
(residential)
8.46€E-07 g/n? per sec
(nonresidential)
Ev  (Emissionduetovehicletrafficon = 1.871E-08g/m’persec
unpaved road for Y2 acre source (residential)

Q/C  (Dispersion factor for 1/2 acre)
Ew  (Emission due towind erosion)

size) g 4—1925—98g¢m2—per—sec
(nonresidential)

The emissions due to wind erosion (Ew) shall be calculatgpdirsuant to equation 20
of this rule:

If a site has unpaved road or driveways, the generic PEF developed under equation
19 is not applicable and sitespecific criteria must be calculated based on a sie
specific PEF using the following equation.

Site-specific PEF:
1

PEF = (Q/C)? Ew 5]

where,
PEF (Particulate emission factor)
Q/C (Dispersion factor for site source
size)
Ew  (Emission due to wind erosion)
Ev  (Emission due to vehicle traffic on
unpaved road for site source size)

m3kg
g/m?-sec per kg/ni

g/m? per sec
g/m? per sec
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RESIDENTIAL AND NONR ESIDENTIAL:
20. EQUATIONS FOR EMISSION DUE TO WIND EROSION ( Ew):

(@)

where,
Ew

Umz
Utadj

F(x)

(b)
where,
Umz

Um

(©)

where,
Utadj

Ut

Ew =

o

3
0.036g/m? hr3 (1- V)3 g&§ 3 F(x)

&)

C “adj

3,600sec/hr

(Emission due to wind erosion)

(Vegetative cover)

(Michigan annual wind speed
adjusted to 7.0 meters)
(Equivalent threshold friction
value

of wind speed at 7.0 m)
(Function of x based on
Cowherd, 1985)

mz m

C
1
C
w
e) o
BN
-I-OOI_O

(Michigan annual wind speed
adjusted to 7.0 meters)
(Michigan annual wind speed at
measurement height h)
(Michigan wind speed
measurement height)

(Height above test surface)

_autg

az o
Uty =&, 8° Ingg—§° Cf
! Q 4— g 0=

(Equivalent threshold friction
value of wind speed at 7.0 m)

(Threshold friction value of wind
speed for a residential soil
aggregate size of 0.5 mm

For a nonresidential soil aggregate

8.46@E-07 g/n¥ per sec
(residential)

8.46@E-07 g/n¥ per sec
(nonresidential)

0.5, unitless(residential)

0.5, unitless (nonresidential)
6.56 m/sec

11.319 m/sec (residential)

11.319 m/sec (nonresidential)
0.87, unitless (residential)

0.87, unitless (nonresidential)

6.56 m/sec
6.92 m/sec
10 m

7m

11.319 m/sec (residential)

11.319 m/sec (nonresidential)
0.5 m/sec (residential)

0.5 m/sec (nonresidential)
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Z0

(d)

where,

Utadj

Umz
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size of 0.5 mm

(Correction factor for non-
erodible elements)

(Height above test surface)
(Roughness height)

X =0.8863 a}—a‘”g

Cowherd derived x

(Equivalent threshold friction
value of wind speed at 7.0 m)

(Michigan annual wind speed
adjusted to 7.0 meters)

1.25, unitless or default

7m
0.005 m

1.529 unitless(residential)
1.529 unitless
(nonresidential)

11.3m/sec(residential)
11.3m/sec (nonresidential)

6.56 m/secresidential)
6.56 m/sec (nonresidential)

Hated



E Annual-PMiovehicleemissionson = 1112 glyear{residential)
unpaved road) = 1.6% g/year (nonresidential)
Ew PM L hiclekil | _ ! R
2 ; b of ! g N _ )
road or kilometer traveled 0.045 Km traveled
. ;
s , : ) B (“9"'95.'98"“30 , ial)
RO AR ve i Sona - “e:'.'e:es’!dla* f'es'de'.'tl'a ial)
F (Frequency of travel) = 35C-dayshearfresidental)
= esdeeelboees Docipepdegn o]y
22 EQUATIONS FOR UNPAVED ROAD PMi1o EMISSION FACTORS
=1
~ RESIDENTIAL:
€ asd,4S0 ,4365-pel 2
a = —ége% gﬁg ¢ 02 ¢ 365 98 r‘33f‘E
=3 = g AM 3 VS Gi
where,
Eu M iscion f : dential | =z :
road)
k Leobolocn oo cpppne done DL = e el ]
. i /vohiclarmil e { )
s (Surface material silt content) =
s (Mean-vehicle-speed) = 25-milesthour
a (Constant for PMio) = edless
| (ConstantforPMaio) = 02 umtless
d (Constant for PMuio) = 0.5,unitless
P Mean-numberof-days-with-atleast0-04inch-of = 1354days
; e |
(Surface-material- moistire-content = 6
c (Emission factor for 1= 47E4IbNeMT
brake wear-and-tire tear)
CF Loepvorslonfacor oluclhb olodan proelad oy = .
Ibfvehicle-miles traveled]) (giVeKTH(bANeMT)
— NONRESIDENTIAL:
by ooy 8S 8 AWE, 8365-p, oo
007 Gl2: ¢3: ¢ 365 -
where,

Euw

VI e : dontial
e
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= Prardolesheamuliplerfortnsavedead 2 = - bALebt
. i</ ohiclormil e X

s (Surface material silt content) — 2=l

W Mean-vehicle-weight) = 33tons

a Fomasslss = O9-unitless

b {ConstantforPhio = OA5unitdess

P (Mean number ofdays with at least 0.01 inch of = 135 days
.

cF (Conversion factor [g/vehiclekm traveled per = 2849
Isrrehele-mitestraveled] {fgAedBHBA M-

(12) Facility-specificvaluesof the following input values may be substituted for the
genericinput values pursuant to R 299.7:

(a) Dry soil bulk density ().

(b) Soil water-filled porosity (qw).

(c) Soil air-filled porosity (qa).

(13) Site-specificvalues of the followinginput values may be substituted for the
generic residentialcriterion input valuesfor department approval asunrestricted
residential use:

(a) Fraction of organic carbon in soil (foc)

(b) Dispersion factor (Q/C).

(c) Wind speed (Ew).

v see o s ol con ol o
EQUATIONS FOR CARCINDGENS:
ol- — TR3 AT
"7 IURF3 EF3 EDS3 (1/VF)
where
VSIC . . . _ . e, b
(u.ela_tlle;sell inhalation chemicalspecihie:rugrkg-orpp
TR  (Fargetrisklevel) = 10°
AT (Averaging time) = 25,550 days (70 years x 365
daysfyear)
JURF  (nhalat it rick § ) = chemical e (ug/eyt
EF {Exposure-frequency) = 350-dayshyear
ED {Expostre-duration) = 30-years
VFE (Volatiizationfactor) = chemicalspecificnilkg
and,
Dl — TR3 AT

IURF3 EF3 ED3 (1/PEF)
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VSIC =

64

THQ3 AT

LR

PSIC =

EF3 ED3 (1/ITSL 3 1/VF)

THQ? AT

7 45F 33%%

EF3 ED3 (1/ITSL ® 1/PEF)



andba-shall-becaleulated-as

o (627D, (Hi® TAF) +q,*D,,)/n"]

TR 1K+, +,(HiS TAP)
where,
VE G ) _ . ifie_nilkg
Sae (E" elatlllzl_atleln Fastel s § = ell|e|||_|eallspee_|lﬁ_|e’ ”i! 2
second
™ E iffusivity = chomical ifie—cr. I
O/C (Dispersionfactorfor-H2acre) = 8233 -g/t-secondper
kgl®
F (Exposure time) = seconds (ED x 3.1536E+7
secondsin)
@ Seil airfilled i) _ _ T
N {Total-soil-porosity) = B43Lpordtsoil
o Soil llod i) _ . o
an (Dry soil bulk density) = 415glent
D. EANR _ . ific—crh/ I
Dy (D.'”HS."’.'% H 24F) _ elleln_lealspee!l!e’ eni! I
o (ED'”H. Shvity-4R ”a.te') | o = ell|e|||_|eallspee_|lp_|e’ en.i loss
where H=HLC x 41)
HLC O cons = chemicalspecific,atm
m3mel
FAF (Femperature-adjustmentfactor) = 065
Ky Soil iy ficient) - I ifie_erllg
-Fororganic-compounds = Keg(emsig%(—fw(g#g)!g
“Fer-inerganic-compeunds = chemicalspesific—eni



vE = [(0ic)3
v \\(IVI

1/2 2

AT 3 (3.153 107 seconds/year)

r,3d,310°g/Mg

vE \olatilization { )
Q€ (Dispersionfactorforl/2acre)
AT  (Expesureperiod)

ran (Dry-soil-bulk density)

ds (Average-soudrce-depth)
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PEF (Particul ission factor) = chemical ific. rilkg
Q/C (Dispersionfactorfor1i2-acre) = 33;

Ew  (Emission-due-to-wind) = g/nr-persecond

Ev  (Emission-duetovehicletraffic) = gl persecond

v flegetativecover) = 0:5{(50%);unitless

veic— TR AT® AR

IURF2 EF3 ED?® (I/VF)

z

|

VSIC

TR

AT

AIR  (Adjusted-inhalationrate) = (20 pfiday) 10 riday)
- = »

EF

ED

VE

i

pSIC = TR3 AT ® AR

IURF2 EF3 ED?® (U/PEF)



THQ® AT
EF3 ED3 (VITSL 3 /VF)

VSIC =

psic = THQ? AT

EF2 ED?® (VITSL ® VPEF)

%



Modifiers
Souree-Size o/lc
{ft*>or-acres) {glr-s-per-kgi) Modifier

400-¢ 261.26 317
1000-ff 13676 22
2000-ff 14491 176
Liacre 94.56 115
Loacre 8233 1
1acre 7174 087
2Zacres 6351 O+
5-acres 54.62 066
10-acres 4913 0.6
32-acres 4155 65
100-acres 3566 043

R 299.27 Volatilization to indoor air screeninglevels andcriteria

Rule 27. (1). As used in thisule:

(@) i Aietxchangerat e 0 me ans t ihfitrationaflove inte dnd @t of a
building that may include air flow through a window, doorway, intake mechanical

ventilation, and exhaust, or other adventitious opening plus—raturaland—may
nelud hanical i

(b)i Acc e paireobnlceent rati ono or AAACO aweldiles t he
hazardous substancén indoor air that represents an acceptabléhalation exposure
risk to human health.
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(c) i Ca p i kolnaemmansthe zone immediately above the water table within
which the groundwater is drawn by capillary forcesand thefluid is under tension.

(d AConceptulde! 0 or ACSMO means a writte
representation, or both of the surface and subsurfae conditions. The CSM includes
the physical, chemica] and biological processesthat control the transport,
migration, and potential impacts of contamination toa human receptor.

(A Lat mclusibnzo n e 0 me honzentat dis@nce beyond a vaporsource
that may make a property or structure vulnerable to the migration of vapors. Itis
identified asthe following:

(#) Thirty feet from the extent ofa vapor source solely comprised opetroleum
]

(i) One hundred feet from the extent of all other vapor sourcesa—ehlerinated
v&per—semeeﬁpether—vapepsewee.

(i) Di : e N oo i o
thls—subdhﬂsren&nd—shalkb&e#alua%edﬁhenWhen the concentration of a hazardous
substancein any mediaexceed the unrestricted genericresidential criterion within
thesethesedistancesthe vapor source shall be further evaluated

)APetrol eum vertical separation distancebo
petroleum vapor source to a existing or potential building foundation.

(9) AUni nhabitabl e residenti al Bllathbee me nt O

following conditions exist

(i) As measured from floor to ceiling, the height of the basement is less th&m032
meters or 80 inchesn every part.

(i) There is no existing, or the potential for the installation of, a bathroom, water
fixture or laundry area.

(iif) The basement does not containraemergencyegressor rescue opening.

(iv) No evidence of human habitation.

( h) f \Warp ofirSoo melans gaa ound in the air space between soil particles.
(i) AVapor cl ou d 0 artmzmmiaus substancen the seil-vapor phasewith no
colocated contamination in the soil or groundwater

() A Vapiotusiond means a pr oachazmrsdousbsybstamtdiorn b
vapor sourcehasmigrated or hasthe potential to migrate through the subsurface or
preferential pathways, or both, into—everying—buildingsan existing or potential
structure.

(KA Vapsour c e 0 arhazadoss substancan an environmental medium
that may form vapors that have the potential to migrate

() AVertical separ at i on separsitnaistane detwaena n s

the vapor source andan existing or potential structure. The vertical separation

distance for groundwater shall consider seasonal variations of the first encountered

contaminated groundwater elevation and shall be the lssr of the following:

(i) The distance between the top of the capillary zone of the first encountered

contaminatedgroundwater and the bottom of the structure.

t he
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(i) The distance between the first encounteredontaminated groundwater and the
bottom of the foundation and subsurface utilities that may be present beneath the
structure.

(gm)fA Vol at i | indoa &iri Téeenl streening leved & W | T sceeeningl
leveb means the initial S Cc raeeteasitha greséneeofal s used
hazardous substance as a vapor source.

(mMAVol at i | indoer @ir Tem 2 deweric criteriond & V | T gemaric 2
criteriond0 me ans t h escregning [@velthat incbrporates facility-specific
geological andphysieal-hydrogeological site conditions that establish the generic
cleanup criteria for unrestricted residential use

(fo) AVolatilization to indoor air Tier 3A generic criterion0 oVl Tiefi 3A generic
criterion0 me ans t h genevd critdrionethrat aBo incorporates the use of
facility -specific land use or building information, or both that require a land or
resource use restriction.

(kp) AVolatilization to indoor air Tier 3B site-specific criteriond oMl Tidi 3B
site-specific criteriond me a ariterion developed usingan alternate method or
model approved bythe department.

(2) Thegenericcleanup criteria based on inhalation of hazardous substance vapors
volatilizing from a vapor source to indoor air shall be called volatilization to indoor
air criteria (AVI AC0) and the pathway shall
indoor air p a tlhoilaeyolloviigvapplyP 0 ) .

(a) Indoor inhalation of hazardous sulstance vapors volatilizing to indoor air from
a vapor source shall be considered a relevant pathway for volatile hazardous

substances—The-department -may—develop—a—screemnglevel-or—criterion—for a

(b) The VIAP is relevant for properties within the lateral inclusion zone.

(c) The process to assess the VIAP ilse VI Tier process shown infigure 1 of this
rule. The process is presented as a sequential step-step approach; parties may
skip tiers as appropriate to the conditions at &acility or the circumstances of an
investigation.

(d) The VIAP shall be evaluated using soil, groundwater,and vapor samplesto
satisfy the screening levels orcriteria for each media pursuant to the VI Tier
process and shall be based upon the following:

() The CSM is based on representative characterization of the surface and
subsurface conditions to evaluatepresentsthe VIAP.

(i) The location of the mediasample eeliectedis aligned with the location of the
vapor sourcewithin the lateral inclusion zoneand is appropriate for evaluating the
VIAP.

(i) A vapor source may be present and represent a risk to human health whehe
concentration of a hazardous substance in soil or groundwater desnot exceed the
criteria that are based on thdarget detection limit.

(iv) A vapor sample may beusedasthe best available information to represent in
situ conditions at the facility for evaluating a vapor source and the ability to migrate
when comparing samples that are colocated or are similarly located.
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(3) The development of thescreening level or generic VIAC for shallow
groundwater where the vertical separation distance is less than or equal to O
centimeters uses the assumptions irtable 1 of this rule and assumes all of the
following:

(a) Any structure present or planned to be constructed at the facility has a concrete
block or poured concrete walls and concrete floorlf the present or planned
structure is not constructed with a block or poured concrete walls and concrete
floor, the screening level orgeneric VIAC developed pursuant to this rule shall not
apply and a sitespecific evaluation shall be conducted.

(b) The direct diffusion of a volatile hazardous substance from the water into the
indoor air is established based on thegerations identified in R-_299.27¢013)(a) to
(b). All of the following apply:and-the-assumptionsinTFable-1-of thisrule

(i) A volatile hazardous substance designated as single event in R 299.49(1)(DD) or
for short-term exposure in R_299.49(1)QQEE) and (RREF) shall be based upon a
single event where the first encountered groundwater enters the structure and the
direct diffusion of a volatile hazardous substance from the water into the indoor air
is established based on the equations identified in-R299.27{013)(b). and-the

(i) A volatile hazardous substance not designated as a single event in
R-_299.49(1)(DD)or for short-term exposure in R_299.49(1)QQEE) and (RRFF) is
based on the sum of the following:

(A) Direct diffusion of a volatile hazardous substance into indoor air from
groundwater occurs from the weighted contribution from the surface area of a
sump and the extent of cracks in the building foundation footprint. This area is
represented by 1 sqare meter. The direct diffusion is established by using the
equations identified in R_299.27¢0613)(b). and-the-assumptions-identified-inTFable-1
Sbne e

(B) Diffusion of a volatile hazardous substance from the groundwater through the
concreteinto indoor air occurs from the weighted contribution across the remaining
area of the floor of the structure using an attenuation factor of 0.03and the
equations identified in R_299.27{013)(a). ;and-the-assumptions-identified-in-—Table
Tofthis-rle.

(i) The direct diffusion into indoor air from an area greater than 1 square meter
requires a sitespecific evaluation.

_(4) The development of thescreening level orgeneric VIAC for groundwater where
the vertical separation distance is greater than @entimetersuses the assumptions in
table 1 of this rule andassumes all of the following:

(a) Any structure present or planned to be constructed at the facility has a concrete
block or poured concrete walls and concrete floorThe base of the floor considering
the thickness of the concrete is not more than @eters below ground surfacelf th e
present or planned structure is not constructed with a block or poured concrete
walls and concrete floor,or the base of the floor is more than 2 meters below ground
surface, the screening level orgeneric VIAC developed pursuant to this rule shall
not apply and a sitespecific evaluation shall be conducted.

(b) The diffusion of a volatile hazardous substance frongroundwater into the
indoor air is established based on the equations identified in B99.27(3)(a).
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(¢5) The development of thescreening level orgeneric VIAC for vapor uses the
assumptions in table 1 of this rule and assumes all of the following:

(a) A vapor sample that is representative o& vapor source can be used to eluate
the VIAP. If a vapor sample can not be collectediue to sitespecific conditions, a
site-specific evaluation shall be completed to evaluate alternate means to
demonstrate compliance.

(b) A vapor source that is less than one meter fromraexisting or potential
structure uses an attenuation factor of @M3.

(c) When the vertical separation is greater than one meter, th®IAP may be
evaluated using the equations ofubrule (13)(d) of this rule based on all of the
following:

(i) A vapor source does not exist between the compliance point and an existiog
potential structure.

(i) The distance to a vapor source used in the equations sdibrule (13)(d) is the
distance from an existing or a potential structure to the compliance point.

(¢6) The development of thescreening level orgeneric VIAC for soil uses the
assumptions in table 1 of this rulethe equations of subrule (13)(c) of this ruleand
isbased onthe soil type beinghomogeneous and isotropidVhen heterogeneous soils
are presentthe VIAC may be developed pursuant to R299.7(3)(iii).

(57) When a hazardous substance does not hasafficient texicelogical,chemical
speeifie;er-chemicalphysical generic input valuesavailable in the tables of R299.50
to allow the development of acreening level orgeneric criterion using the equations
of this rule, the screening level or genericVIAC may be developed using the
following:

(a) If the department cannot developa screening level orgeneric criterion where
the vertical separation distance is greater than @entimeters using the equations
identified in R 299.27(B)(a)ergroundwater-not-in—contacet, the screening level or
generic criterion where the vertical separation distance is less than or equal to 0 cm
shall be developed using the equations identified in R99.27(B)(b) and the

assumptions in &ble 1 of this rule fer—groundwater—in—contactmay—beused—to

evaluate-the potential-forvaporintrusion Alternatively, a person may evaluate the
VIAP using VI Tier 3B site-specific criteria.

(b) If the department cannot develop ascreening level orgeneric criterion for
vapor using the equations of this rule and the hazardous substance has sufficient
input values to develop an AAC an attenuation factor of 0.03 shall be used
Alternatively, a person may evaluate the VIAPusing VI Tier 3B site-specific
criteria .

(58) The VIAP is evaluated usingVI Tier 1 screening levels VI Tier 1 screening
levelsidentify concentrations that may represent avapor source or a vapor cloud
without any site-speeific-geological orphysical-specifichydrogeologicalinformation
specific to a facility. All of the following apply:

(a) The VI Tier 1 screeningvalueslevelsare applicable at all depths and arebased
on generic input values that representhe following:

(i) Shallow groundwater where the vertical separation distance is less than or equal
to 0 centimetersin accordance with subrule(3) of this rule.

(i) Vapor pursuant to subrule (5)(a) to (b) of this rule.
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(iii) A soil type of sand pursuant to R 299.7and the generic input valuesin table 1
of this rule.

(b) A person may use the screenintgvel as the criterion to evaluatethe potential
for-vaperintrusion-to-ecetVIAP when no further facility data is available

(c) If concentrations in environmental media exceed VI Tier 1 screening levels then
the person proposing or implementing response activity shall evaluate whether
additional response activity is required to assess the vapor source fempor
iptrusion-petentiatthe VIAP pursuant to this rule.

(89) If the concentration of a hazardous substancen environmental mediaexceed
VI Tier 1 screening level, he VIAP may be evaluated usingVI Tier 2 generic
unrestricted residential criteria. The VI Tier 2 generic unrestricted residential
criteria identify a vapor source and-The potential-forvaper-intrusion—andgeneric
unrestricted residential VIAC are based on the following:

(a) Department-approved soil and soil temperature facility -specific input values
are allowed pursuant to R 299.7. When no soil information has been obtained
during an investigation thefacility -specificinput values shall bethose listed forsand
in table2-1 of R 299.7

(b) When the depth to groundwater is 3 meters or less below the ground surface,
the development of the generic VIAC for shallow groundwater shall be pursuant to
subrule (3) of this rule.

(c) When the depth to groundwater is greater than 3 metersbelow the ground
surface the development of the genenc VIAC shabe pursuant to subrule (4) of thls

(d) The generic VIAC for vapor shall be pursuant tosubrule (5) of this rule.

(e) Department-approved input values provided in table 1 of this rule identify
additional generic input values to develop the VI Tier2 generic criteria.

(f) The calculated value for a hazardous substance based uporshallow
groundwater in-contact-with-the structure-is considered protective when it is greater
than the calculated valuesf-for groundwater with a vertical separation distance
greater than Ocentimetersnotin-contact-with-the-structure,

(#10) If the concentration of a hazardous substancen environmental media
exceed VI Tier 1 screening levels, VI Tier2 generic unrestricted residential criterig
or both, the VIAP may be evaluatedusing VI Tier 3A generic criteria. VI Tier 3A
generic criteria represent restricted categorical criteria and are based orthe
following:

(a) The genenc VIAC for son shall be pursuant to subrule (9)(a)Ihe

: | $ of

th|s ruIe
(b) The generic VIAC for shallow groundwater shall be pursuant to subrule (3) of
this rule.
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(c) The generic VIAC for groundwater where the vertical separation distance is
greater than 0 centimeters shall b@ursuant to subrule (4) of this rule.

(d) The generic VIAC for vapor shall be pursuant to subrule (5) of this rule

(e) Department-approved facility -specific input values for land use and building
information as identified in table 1 of this rule.

(811) The VIAP may beevaluatedwith VI Tier 3B site-specificcriterion pursuant
to sectiors 20120a(2) and 20120b of the act, using any of the following:

(a) The equations in subrules (2613) and (3114) of this rule and associatednput
values, with data collected from the facility that is demonstrated to be
representative of sitespecific conditions and has undergone a sensitivity and
validation analysisthat will determine and evaluateall of the following:

(i) The parameters that require additional information to reduce output
uncertainty.

(i) The inputs that contribute most to output variability.

(i) The parameters that are most highly correlated with the output.

(iv) The change in the output thatresults from changing agiven input parameter.

(v) The expected reliability of the identified parameters.

(b) The actual building parameters including air exchange rategnclosedspace
floor thickness, enclosegpace floor length, enclosedpace floor width, and
enclosedspace height, with an analysis that includesll of the following:

(i) An evaluation of the smaller areas contained within the structure.

(i) An evaluation of how the footings, wallsand air exchange patterns impact the
data.

(i) An evaluation of whether the inputs usedare representative of the actual site
conditions.

(c) Different models or methodsmay be reviewed andapproved by the department
to determine that the model or method isappropriate to evaluate vapor-intrusion
risksthe VIAP basedon an analysisas identified in subdivisions (a) and (b) of this
subrule. VIAP models or method are available toevaluate the following conditions:

(i) Heterogeneous or multilayer soil present at a property.

(i) A vapor source that consists solely of dissolved phase petroleum.

(i) A NAPL vapor source.

(iv) A finite vapor source in unsaturated soilfor circumstances wherethe vertical
and horizontal extent of a vapor sourcethroughout the facility has been defined
based uponall applicable VI Tier 2 generic criteria.

(12) A VI Tier 3B evaluation of a release that is solely petroleum products may
utilize a petroleum vertical separation distance that is based upon all of the
following:

(a) The petroleum vertical separation distance represents the minimum distance
between a petroleum vapor source and a building foundation that is needed to
effectively biodegrade hydrocarbons below a level of concern for a current or
potential future structure.

(b) The release being evaluated contagmo non-petroleum volatile compounds and
represents solely a petroleum release.

(c) All soil contamination associated with a release frona petroleum product is
considered to be petroleum noraqueous phae liquid unless by using department
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approved methods, a demonstration can be made that a n@gueous phase liquid is
not present.

(d) Meeting apetroleum vertical separation distance does not remove the need for
land or resource use restrictions to pregnt future exposure unless a demonstration
can be made that the site would remain protective without a land or resource
restriction.

(e) Thepetroleum vertical separation distance shall consider seasonal variations, if
appropriate, and shall be the greger of the following:

(i) 15 feet vertically from a petroleum noraqueous phase liquidsourceregardless
of the NAPL state.

(i) 5 feet vertically from a dissolvedphase petroleum source.

(3613) The volatilization to indoor air valuesare determined by the following series
of equations except as provided inR 299.34 and in the footnotes of the generic
cleanup criteria tables in R 299.49 The toxicological, chemicalspecific and
chemicalphysical generic input values are provided in R299.5Q except as provided
in R 299.34, and in the footnotes of the generic cleanup t@ria tables in R 299.49
The soil typespeciic values and other inputs for avl Tier 2 and VI Tier 3A generic
criteria are identified in table 1 of this rule and table 1 and 2of R 299.7.

(&) The volatilization to indoor air value where-based ongreundwateris—netin
contact—with—a—strueture—or—direet—diffusion from the groundwater threugh—the
cenereteis determined by the following equations:

1. EQUATION FOR CALCULA TION OF THE GROUNDWA TER HEALTH -
BASED CONCENTRATION:

AAC
, 81000L§
C m3 9

Meaw =

HITS 3 a

where,
View (Volatilization to indoor air
concentration for groundwater)

chemicalspecific my/L

AAC (Acceptable air concentration) = chemicakspecific, nmg/m?3-v

U (Steadystate attenuation = unitless (Equation6 and table 1
coefficient) of this rule)

H Nj (Henryds | aw c¢ o = chemicalspecific, dimensionless
system (groundwater) (Equation 4)
temperature)

2. THE RELATIONSHIP OF THE ATTENUATION COEFFICIENT TO THE
STEADY-STATE VAPOR PHASE CONCENTRATION OF THE
HAZARDOUS SUBSTANCE IN THE BUILDING:

C =Us C
where,
Couiging  (Vapor concentration in = chemicakspecific(subrule (11)

building source
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building usingthe AAC) of this rule), my/m?3-v

Csource (Vapor concentration at the my/m3-v (Equation 3)
vapor source

U (Steady-state attenuation unitless (Equation 6 and table 1
coefficient) of this rule)

3. THE RELATIONSHIP OF THE GROUNDWATER VAPOR SOURCE
CONCENTRATION TO THE GROUNDWATER CONCENTRATION :

C

where,
Csource  (Vapor concentration at the
vapor source

— 1 3
source H TS Cw

nmy/m?3-v

HNj (Henryds | aw c¢ o = chemicalspecific,dimensionless
system (groundwater) (Equation 4)
temperature)

Cuw (Groundwater concentration = 1,000 nmy/m3-w

using the-\Vew-1 ng/L x 1,000
L/m?3 conversion)

4. EQUATION FOR THE DIMENSIONLESS FORM OF THE HENRYOGS
LAW CONSTANT AT THE SYSTEM TEMPERATURE:

é DH, .4 G
exp & V”grl—- ! %HLC
Hl — é RC (; S TR _l:l
T R3T
S
where,
H Nj (Henryds | aw c¢ o = chemicalspecific, dimensionless

system temperaturé
DH,,rs  (Enthalpy of vaporization at the

chemicalspecific,cal/mol

system temperature (Equation 5)
Ts (System temperature = 283.15 K or facility-specific
Tr (Henryds | aw co = 29815K
temperature)
HLC (Henryods | aw co = chemicatspecific, atmm3/mol
reference temperature)
Rc (Gas constany = 1.9872 cal/molK
R (Gas constany = 8.206E-05 atmrm3/mol-K

5. EQUATION FOR ENTHALP Y OF VAPORIZATION:

21 T T 2
= aer" Is/lcu
qjl_\hs Cph!b gl' TBP/TCE

where,
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DH,ts (Enthalpy of vaporization at the
system temperature

DH.,  (Enthalpy of vaporization at the
normal boiling point)

chemicaltspecific, cal/mol

chemicaltspecific, cal/mol

Ts (System temperature = 283.15 K orfacility -specific
Tc (Critical Temperature) = chemicatspecific, K

Tep (Standard boiling point) = chemicatspecific, K

Y (Constant) = unitless

Y (constant) is established as a function of the ratiosF/Tc such that: if Tep/Tc <
0.57,Y is 0.30; if Tep/Tc is between 0.57 and 0.7, is established as 0.74@F/Tc) -

0.116;

6.

where,

and if Tep/Tc > 0.71,Y is 0.41.

EQUATION FOR AN INFINITE VAPO R SOURCE ASSUMING STEADY
STATE MASS TRANSFER:

Deff 3 A 03 Xp;ﬁ) so|| crack é-jﬂ
a= g; Ebwldlng crack crack —g
e 3Q.,3L.., 0 De“3A 0 &p"3 A Ge A4Q. %L, 0 &
éexp soil crack + e B O+ @Xp son crac ]-UJ
é é%crack 3 Acrack§ %building I-T 9 %son I-T 8 %crack crack8 Lu
a (Steady-state attenuation = unitless
coefficient)
Dre" (Total overall effective diffusion = cm?sec(Equation 7)
coefficient)
Ag (Area of the enclosed space = cm?(Ls, W, and Lr in table 1
below grade As =[(Ls x Ws) + of this rule)

2(LEx L) + 2(Lex Wa)])

Quuiging  (Building ventilation rate) cm?sec(Equation 14)

Lt (Vapor source-building cm (table 1 ofthis rule)
separation)
Qsoil (Volumetric flow rate of soil gas = cm?¥sec(Equation 15)

into the enclosed spade
Lcrack (Enclosed space foundation or
slab thickness)

cm (table 1 ofthis rule)

Acrack (Area of total cracks: Acrack = = cm?(Les & Wsgin table 1 of this
2w(Ls + Ws)) rule)
Derack (Effective diffusion coefficient = cm?/sec (assumed equivalent to

through the cracks) D¢, Equation 8)

Equation 6 contains the exponent of the following dimensionless group:
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o
3
a Qsoil Lcrack

5
QE A D

crack crack
where,
Qsoil (Volumetric flow rate of soil gas = cm?sec (Equationl5)
entering the enclosed space of a
building)

cm (table 1 of this rule

Leack  (Enclosed space foundation or
slab thickness)

Derack  (Effective diffusion coefficient cm?/sec(assumed equivalent to

through the cracks) D¢, Equation 8)
Acrack  (Area of total cracks: Acrack = = cm? (LB & WB in table 1 of this
2w(Le + Ws)) rule)

This dimensionless group represents the equivalent Peclet number for transport
through the building foundation. As the dimensionless group approaches infinity
and if the exponent of the equation identified above is too great to be calculated then
the attenuation factor is established as:

apssL. @

crack
%5 3
C ™ crack A

crack =

a -
5D$f3ABG+1
B ® Ls O
G < soil T=
where,
U (Steadystate attenuation = unitless
coefficient)
D$” (Total overall effective diffusion = chemicakspecific,cm?/sec as
coefficient) established in Equation 7)
As (Area of the enclosed space = cm?(Ls, W, and Lrin table 1 of
below grade As =[(Ls x Ws) + this rule)

2(LEx L) + 2(Lex Wa)])

Qbuilding  (Building ventilation rate) cm?sec (Equationl14)

Qsoil (Volumetric flow rate of soil gas cm®/sec (Equationl5)
into the enclosedspace

Lt (Vapor source-building = cm (table 1 ofthis rule)
separation)

7. EQUATION FOR THE OVERALL EFFECTIV E DIFFUSION
COEFFICIENT OF THE S OIL SYSTEM:

eff _
De" =

where,



8. EQUATION FOR THE EFFECTIVE

where,

9. EQUATION FOR THE EFFECTIVE

where,

eff
D T

eff
D \Y%

D eff

Lt
Lwr

Lez
Lr

80

(Total overall effective diffusion

coefficient)

(Effective diffusion coefficient

acrossvadose zong

(Effective diffusion coefficient

acrosscapillary zone)
(Vapor source-building
separation)

(Depth below grade to water

table)
(thickness of capillary zoné

(Depth below grade of enclosed

space

WITHIN THE VADOSE ZONE:

D =D, (/) + 0.1 G )

ff
Dy
Da
Qa

n

Dw
Qw

H Nj

(Effective diffusion coefficient

acrossvadose zong
(Diffusivity in air )
(Soil air-filled porosity)

(Soil total porosity)

(Diffusivity in water)
(Soil water-filled porosity)

Henryodos | aw
system temperaturé

ACROSS THE CAPILLARY ZONE:

D! =D, * (% /n%,)+ (D, /H+s) (@22 /n2,)

eff
Dcz
Da
Qa,cz

Necz

Dw

(Effective diffusion coefficient

across the capillary zong
(Diffusivity in air )

(Soil air-filled porosity in the
capillary zone gacz = N - Qu.cz)

(Soil total porosity in the
capillary zone)
(Diffusivity in water)

chemicatspecific,cm?/sec

chemicatspecific,cm?/sec
(Equation 8)

chemicalspecific,cm?/sec
(Equation 9)
cm (table 1 ofthis rule)

cm (table 1 ofthis rule)

cm (Equation 13)
cm (table 1 ofthis rule)

DIFFUS ION COEFFICIENT

chemicatspecific, cnt/sec

chemicatspecific, cnt/sec

0.321 cni/cm? or soil type-
specific

0.375 cni/cm?3or soil type-
specific

chemicatspecific, cnt/sec

0.054 cni/cm? or soil type-
specific
chemicatspecific,dimensionless
(Equation 4)

DIFFUS ION COEFFICIENT

chemicatspecific,cm?/sec

chemicatspecific, cn¥/sec
cmdcmd

0.375 cni/cm? or soil type-
specific
= chemicatspecific, cnf/sec
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HNj (He n r y o6censtantaithe chemicatspecific, dimensionless
system temperature (Equation 4)

Qw.cz (Soil water-filled porosity in the cm®/cm? (Equation 10)
capillary zone)

For calculating soil type-specific ncz, use theinformation associated with the ail
total porosity (n) in table21 of R 299.7.

10. EQUATION FOR WATER-FILLED POROSIT Y IN THE CAPILLARY
ZONE:

Qw.cz (Water-filled porosity in the cmdcmd

capillary zone)

(o (Residual soil water conten = 0.053 cni/cm? or soil type-
specific
s (Saturated soil water conten} = 0.375 cn¥/cm? or soil type-
specific
ai (Point of inflection in the water = 0.03524cm or soil type-specific
retention cwdhige
maximal)
h (Air -entry pressure head h= = cm
1/)1 and assumed to be positive)
N (van Genuchten curve shape = 3.177 dimensionless or soil
parameter) type-specific
M (2-(1/N)) = 0.6852 dimensionleser soll

type-specific

11. EQUATION FOR THE MEA N RISE OF THE CAPILL ARY ZONE:

_2%a,3cosl
I_CZ T 4 anm
r *g3R
where,
Le: (Thickness (mean rise) of = cm
capillary zone)
12 (Surface tension of watey = 73g/seé
I (Angle of the water meniscus = degrees (assumed to be zero)
with respect to the capillary
tube)
Mw (Density of water) = 0.999g/cnm?
g (Acceleration due to gravity) = 980.665cm/seé
R (Mean interparticle pore radius) = cm (Equation 12)



82

12. EQUATION FOR THE MEA N INTERPARTICLE PORE RADIUS:

R=0.23D
where,
R (Mean interparticle pore radius) = cm
D (Mean patrticle diameter) = 0.044 cm or soil typespecific

13. EQUATIONS 11 AND 12 ARE REDUCED TO:

LCZ = E
R
where,
Lez (Mean rise of capillary zong = cm
R (Mean interparticle pore radius) = cm (Equation 12)

14. EQUATION FOR THE BUIL DING VENTILATION RAT E:

a 1lhr @

Qbuilding =(Lg * Wy 3Hz 3 ER)3 m@
where,

Quuiging  (Building ventilation rate) = cm’sec
Ls (Length of building) = cm (table 1 ofthis rule)
We (Width of building ) = cm (table 1 ofthis rule)
He (Height of building) = cm (table 1 ofthis rule)
ER (Air exchange rate) = hr-1(table 1 ofthis rule)

15 EQUATION FOR THE VOL UMETRIC FLOW RATE OF SOIL GAS
ENTERING THE BUILDIN G:

_23 p3 DP3 kv3 Xcrack

QSO“ - me |In (2 Zcrack/rcrack)

where,

Qsoil (Volumetric flow rate of soil gas
entering the enclosedpace of a
building)

(Constant)

DP (Pressure differential between
the soil surface and the enclosec
space

Kv (Soil vapor permeability: k, = ki
X krg)

Xerack  (Floor-wall seam perimeter: cm (Ls & Ws in table 1 ofthis
Xecrack = Z(LB + WB)) ruIe)

cmd/sec

3.14159
40 g/cmse@ (table 1 ofthis rule)

cm? (Equations 16 and 17)
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€ (Viscosity of air. ¢ =
0.00018*((Ts)/298.15)"0.5)

Zerack  (Portion of the structure below
grade in which vapors will
passsireturedepth-below
grade-thatvapors-will-pass

lcrack (Equivalent crack radius)

g/cmsec

cm (table 1 of this rule)

cm (Equation 19)

16. EQUATION FOR THE SOIL INTRINSIC PERME ABILITY:

K 3 & 1hr §3 m,
° #,600sect
k. = ¢
| g
where,
Ki (Soil intrinsic permeability) = cn?
Ks (Soil saturated hydraulic = 26.78 cm/hr orsoil type-specific
conductivity)
m (Dynamic viscosity of wate) = 0.01307 g/crrsec @ 18
Mw (Density of water) = 0.999 g/cni
g (Acceleration due to gravity) = 980.665 cm/sec

17. EQUATION FOR RELATIVE AIR PERMEAB ILITY:

2G
o= (- 8.2 - S8
where,
Krg (Relative air permeability) =unitleg® 1O O k
Ste (Effective total fluid saturation) = unitless (Equation18)
G (van Genuchten shape = 0.6852 unitlesor soil type-
parameter) specific

18. EQUATION FOR EFFECTIVE TOTAL FLUI D SATURATION:

S = (dw " dr)
¢ (n - d—r )
where,
Ste (Effective total fluid saturation) = unitless
Qw (Vadose zone soivater-filled = 0.054cm3/cm? or soil type-
porosity) specific
ar (Residual soitwater content) = 0.053cm3/cm3or soil type-
specific
n (Soil total porosity) = 0.375cm3/cm? or soil type-

specific
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19. EQUATION FOR THE EQU IVALENT RADIUS OF TH E FLOOR-WALL

SEAM CRACK:
rcrack = h 3 (AB/Xcrack)
where,
lcrack (Equivalent crack radius) = cm
As (Area of the enclosed space = cm? (Ls, Ws, and Lr in table 1
below grade As =[(Ls x Ws) + of this rule)
2(LFx Lg) + 2(LFx WB8)])
d (Crack to enclosed floor area = unitless (0 Oc

ratio: Acrack/AB)
Xerack  (Floor-wall seam perimeter: cm (Ls & Ws in table 1 of this
Xecrack = 2(Ls + Wa)) rule)

20. EQUATION FOR THE RATIO OF THE C RACK AREA TO ENCLOSE D
FLOOR AREA IS ESTABL ISHED AS:

2w (L + W)

h

AB
where,

d (Crack to enclosed floor area = unitless
ratio: A crack/AB)

w (Floor-wall seam crack width) = cm (table 1 of this rule)

We (Enclosed space floor width) = cm (table 1 of this rule)

Le (Enclosed space floor length) = cm (table 1 of this rule)

Ag (Area of the enclosed space = cm? (Le, Wg, and Lr in table 1
below grade As =[(Ls x Ws) + of this rule)

2(LEx L) + 2(Lex Wa)])

(b) The direct diffusion of a volatile hazardous substancenito indoor air from
groundwater is determined by the following equations:

1. EQUATION FOR CALCULATION OF THE GROUNDWATER HEALTH -
BASED CONCENTRATION :

AAC

VIie.=——
SG VFSG
where,
MewicViIse  (Volatilization to indoor air

concentration for shallow

chemicalspecific, ng/L

groundwater-in-contact)
AAC (Acceptableair concentration) = chemicakspecific, ng/ms3-v
VFcwic (Volatilization factor) = chemicaktspecific,L/m3

(Equation 2)
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2. EQUATION FOR THE VOLATILIZATION FACTOR:

16 =
VFSG ° ~ o U ~
al 8 fVg Q

SR W
where,

overal” sG +
VFewc  (Volatilization factor)

chemicatspecific,L/ m®

Ho (Di mensionl ess chemicatspecific dimensionless
constant, wherne

fr (Frequency of renovation of air) = ER converted tosec?

Ve (Room volumeVg = Hg x L x = m3(Hes, Ls & Ws in table 1 of
We) this rule)

Koverat  (Overall masstransfer = m/sec (Equation3)
coefficient)

Acwic (Surface area of contaminated
water within the structure)

100 m? (table 1 of this rule)

3. EQUATION FOR THE MASS TRANSFER COEFFICIENT:

1
KOverall é 1 6+é. 1 6
N T
where,

Koverat  (Overall masstransfer = chemicatspecific, m/®c
coefficient)

Ki (Mass transfer coefficientfor = chemicatspecific, m/®c
water) (Equation 4)

Ke (Mass transfer coefficient for = chemicatspecific, m/®c
air) (Equation 5)

Ho (Di mensionl ess = chemicatspecific dimensionless
constant, where

4. EQUATION FOR THE MASS TRANSFER COEFFICIENT FOR WATER:

0.67

K =65x10°5 Dw ¢
&1.488x10°}H
where,
KL (Mass transfer coefficient for = chemicatspecific, m/sec
water)
Dw (Diffusivity in water ) = chemicatspecific, converted

from cm?/secto m?/sec
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5. EQUATION FOR THE MASS TRANSFER COEFFICIENT FOR AIR:

0.67

e D

K. =K > Za ¢

¢ M08 6x10°°Y

where,
Ke (Mass transfer coefficient for = chemicatspecific, m/sec
air)
KeH2o  (Evaporation rate in air) = 3x 10 3m/sec
Da (Diffusivity in air ) = chemicatspecific, converted

from cm?/secto m?/sec

(c) The volatilization to indoor air value for soil are determined by the following
equations:

1. EQUATION FOR CALCULA TION OF A RISK BASED MEDIA
CONCENTRATION FOR SOIL:

Vi _AAC3(dW+Kd3J'b+H'TS3da)

soil 2 3 ~
. 3 .3, 3a000cm®kgQ
H TS a :l b ? m3 g 9
where,
Vlsoi (Volatilization to indoor air = nmy/kg
concentration for soil)
AAC (Acceptable air concentration) = chemicaktspecific,ug/m3-v
HNj (Henryds | aw c¢ o = chemicalspecific, dimensionless
system (soil) temperaturg (Equation 4)
Ja (Soil air-filled porosity) = 0.321 cni/cm® or soil type
specific
o (Soil dry bulk density) = 1.66 g/cni or soil type-specific
U (Steady-state attenuation = unitless (Equation 6 and table 1
coefficient) of this rule)
Qw (Soil water-filled porosity) = 0.054 cni/cm® or soil type
specific
Kad (Soil-water partition coefficient = Koc chemicatspecific, cni/g
for organics compounds: foc0.002 unitless

Kd= KocX foc)

2Z—HHE RELAHONSHIP OFTHEATTENUAHON-COEFHCIENT O THE-
STHFEADY-STATFE—VARPOR—PHASE—CONCENTRAHON—OF—THE
HAZARBOUS SUBSTANCEIN-FHE BUHDBING—

CcC_____ =13 C
~building ~ “source2

where,



Couiaing  {Vapor-coneentrationin = chemicaklspecHic my/m?-v
buildi N ;

Csouwrcez  {Vapor-concentrationatthe = g -v{Eguation-3)
Vapor-sourceusiig-Csources®

} 1E+6-Hglgx-1E+6-crfimd)

Y {Steady-state-attenuation = uwnitless{Equation6-andTFablel
coefficient) of this rule)

SUBSTANCEIN SOIL
C = HITS3 CR3 J'b
source3 dw +Kd3 ;I- A _I_H.TS 3 da
shnos
Csources  {(Mapor-concentration-at-the = glend-y
vapor source
N H co B . el . "
(e If 5.|;e 5 ta ‘“g ezlnenue.alsp;eellle SHSASIGRIES
Cr {initial-soil concentrationusing = g/g
S el e e O 007 Jenly
~ o PR - 166alend | :
Gw (Soibwater-filled-porosity) = 0.054—cnicm® [
specific
Ka (Soilwater partition-coefficient = chemicalspecificcnilg
for organics compounds:
K—drz—K-ee-X—foe)
9a (SGJ'I—a'l'F'ﬁ'I'I'Qd—pG'Fe-SH‘y% =] g%enqlemg’—e{’—seﬂ—type-
.
Ko, . : ” n speell.le e mrils
(Smﬁlﬁ_e[gagne carbon-partiion chemicatspecifie-ent
foe Loofbopormie copbor oy = 0.002 unitless
.

42. EQUATION FOR THE DIMENSIONLESS FORM OF THE HENRYOS
LAW CONSTANT AT THE SYSTEM TEMPERATURE:

e DH, .. & G
expsE L. 163 HLC
H. = e R ¢Ts Tryg
TS RT
where,
H Nj (Henryds | aw c¢ o = chemicalspecific, dimensionless

system temperaturg
DH,,rs  (Enthalpy of vaporization at the

chemicalspecific,cal/mol
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system temperature (Equation 5)
Ts (System temperature = 283.15 K or facility-specific
Tr (Henryds | aw co = 29815K
temperature)
HLC (Henryods | aw c¢ o = chemicaktspecific, atmm3mol
referencetemperature)
Rc (Gas constany = 1.9872cal/mol-K
R (Gas constany = 8.206E05 atmm3/mol-K

53. EQUATION FOR ENTHALP Y OF VAPORIZATION:

£1- T/TC’S

DH, . =DH
" v’ §- TBP/TC

where,
DH,rs (Enthalpy of vaporization at the
system temperature
DH, (Enthalpy of vaporization at the
normal boiling point)

chemicaltspecific, cal/mol

chemicalspecific, cal/mol

Ts (System temperaturg = 283.15 K or facility-specific
Tc (Critical Temperature) = chemicatspecific, K

Tep (Standard boiling point) = chemicatspecific, K

Y (Constant) = unitless

Y (constant) is established as a function of the ratiogh/Tc such that: if Tep/Tc <
0.57,Y is 0.30; if Ter/Tc is between 0.57 and 0.7, is established as 0.74@F/Tc) -
0.116; and if Tep/Tc > 0.71,Y is 0.41.

64. EQUATION FOR AN INFINITE VAPO R SOURCE ASSUMING STEADY
STATE MASS TRANSFER THE ATTENUATION COEF FICIENT:

@ D3 A, 9

03 Xp% 30|I crack \
a = g;éjbundmg crack crack —g

o

~

€ 8Q.,%L,, 0 aDeffsA 0 ape"s A, @ aQ q 29
éeXp soi crac +e v B O+ % 50|I crack ]-UJ
é %crack 3 Acrack§ (i;@building3 T 9 %son % C crack Acrackg Lg
where
a (Steadystate attenuation = unitless
coefficient)
DS” (Effective diffusion coefficient = cm?sec (Equation?)
across vadose zoAetal-overalt
cHoelvocibncloncon Do)
As (Area of the enclosed space = cm?(Ls, Ws, and Lr in table 1
below grade Ag =[(Ls x Ws) + of this rule)

2(Lrx L) + 2(LFx Wa)])



Qbuilding
Lt

Qsoil
Lcrack
Acrack

Dcrack
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(Building ventilation rate)
(Vapor sourcebuilding
separation)

(Volumetric flow rate of soil gas
into the enclosed spage
(Enclosed space foundation or
slab thickness)

(Area of total cracks: Acrack =
2w(Ls + We))

(Effective diffusion coefficient
through the cracks)

cm®/sec (Equation8)
cm (table 1 ofthis rule)

cm®/sec (Equation9)

cm (table 1 ofthis rule)
cm?(Le & Wae-table 1 ofthis
rule)

cm?/sec (assumed equivalent to
D¢ of Equation 7)

Equation 6 contains the exponent of the following dimensionless group:

where,

o
3
a'(-x)soil Lcrack

Q
IR

crack

Qsoil

Lcrack
Dcrack

Acrack

crack =

(Volumetric flow rate of soil gas
entering the enclosed space of a
building)

(Enclosed space foundation or
slab thickness)

(Effective diffusion coefficient
through the cracks)

(Area of total cracks: Acrack =
2w(Le + Ws))

cmd¥/sec (Equation9)

cm (table 1 of this rule

cm?/sec (assumed equivalent t
D¢ of Equation 7)

cm? (Le & Ws in table 1 of this
rule)

This dimensionless group represents the equivalent Peclet number foransport
through the Building Foundation. As the dimensionless group approaches infinity
and if the exponent of the equation identified above is too great to be calculated then
the attenuation factor is established as:

(Steady-state attenuation
coefficient)

(Effective diffusion coefficient
across vadose zoAetal-overalt
effective diffusion coefficien)
(Area of the enclosed space
below grade Ag = [(Ls X Wa) +

unitless

cm?/sec (Equation?)

cm? (Le, Weg, and Lr in table 1
of this rule)
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2(Lx Lg) + 2(Lex Wa)])

Quuilcing  (Building ventilation rate) cm®/sec (Equation8)

Qsoil (Volumetric flow rate of soil gas cm®/sec (Equation9)
into the enclosed spage

Lt (Vapor source-building = cm (table 1 of this rule
separation)

#5.EQUATION FOR THE EFFECTIVE DIFFUSION COEFFICIENT
WITHIN THE UNSATURAT ED ZONE:

D" =D, (2% /n)+ @, /H'1s) (@37 /n?)
where,
D" (Effective diffusion coefficient
across vadose zorsfective

chemicatspecific, cn¥/sec

diffusion-coefficient-across-soil
tayer)
Da (Diffusivity in air ) = chemicatspecific, cnt/sec
Ja (Soil air-filled porosity) = 0.321 cni/cm?® or soil type-
specific
n (Soil total porosity) = 0.375 cni/cm3or soil type-
specific
Dw (Diffusivity in water) = chemicatspecific, cnf/sec
Qw (Soil water-filled porosity) = 0.054 cni/cm? or soil type-
specific
HNj Henryds | aw c o = dimensionless (Equatior¥)

system temperature

86. EQUATION FOR THE BUI LDING VENTILATION RA TE:

a lhr 0
1aing = (Lg 3 Wy 3 Hg 3 ER)3
waldmg (B B B )mﬁ

where,
Quuilcing  (Building ventilation rate) = cmd/sec
Le (Length of building) = cm (table 1 ofthis rule)
We (Width of building ) = cm (table 1 ofthis rule)
He (Height of building) = cm (table 1 ofthis rule)
ER (Air exchangerate) = hr-(table 1 ofthis rule)

97. EQUATION FOR THE VOL UMETRIC FLOW RATE OF SOIL GAS
ENTERING THE BUILDIN G:

23 "3 CpP3 kv 3 Xcrack
€3lIn (chrack/rcraCk)

Qsoil =

where,
Qsoil (Volumetric flow rate of soil gas = cm?sec
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entering the enclosed space of a

building)
(Constant) = 3.14159

DP (Pressure differential between = 40 g/(cmse@) (table 1 of this
the soil surface and the enclosec rule)
space

Ky (Soil vapor permeability: kv = ki = cm? (Equations 10and 11)
x Krg)

Xerack  (Floor-wall seam perimeter: = cm(Ls & Wsin table 1 of this
Xcrack = 2(Ls + WB)) rule)

€ (Viscosity of air: ¢ = = g/(cmsec)

0.00018*((Ts)/298.15)"0.5)
Zerack  (Portion of the structure below
grade in which vapors will

cm (table 1 of this rule)

passsideturedepth-below
grade-thatvapors-willpasy
lcrack (Equivalent crack radius) = cm (Equation 13)
108. EQUATION FOR THE SOIL INTRINSIC PERME ABILITY:
& g
KS 3 ® 1hr 83 m,
K = #3,600sect
i rw 3 g
where,
ki (Soil intrinsic permeability) = cn?
Ks (Soil saturated hydraulic = 26.78 cm/hr orsoil type-specific
conductivity)
m, (Dynamic viscosity of wate) = 0.01307 g/cm-sec @ 20
Mw (Density of water) = 0.999 g/cnd
g (Acceleration due to gravity) = 980.665 cm/s€ec
119 EQUATION FOR RELATIVE AIR PERMEAB ILITY:

o=l 5,)ee - TG

where,
Krg (Relative air permeability ) =unitleg® 1O O k
Ste (Effective total fluid saturation) = unitless (Equation12)
G (van Genuchten shape = 0.6852 unitless or soil type-

parameter) specific

1210. EQUATION FOR EFFECTIVE TOTAL FLUI D SATURATION:
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S = (qw- qr)
“ (n-d)
where,

Ste (Effective total fluid saturation) = unitless

Qw (Soil water-filled porosity) = 0.054 cm’¥cm® or soil type
specific

o (Residual soitwater content) = 0.053 cm’cmior soil type
specific

n (Soil total porosity) = 0.375 cm’¥cm® or soil type
specific

The effective air permeability (k) is the product of the intrinsic permeability (ki)
and the relative air permeability (krg) at the soil waterfilled porosity [ w.

1311 EQUATION FOR THE EQU IVALENT RADIUS OF TH E FLOOR-
WALL SEAM CRACK:

r‘crack = h 8 (AB/Xcrack)

where,
lcrack (Equivalent crack radius) = cm
Ag (Area of the enclosed space = cm? (Le, Wg, and Lr in table 1
below grade As =[(Ls x Ws) + of this rule)
2(LFx L) + 2(LFx WB8)])
d (Acrack/AB) = unitless (0 Ol4c
Xerack  (Floor-wall seam perimeter: = cm (Ls & Ws in table 1 of this

Xecrack = 2(Ls + Wa)) rule)

1412, EQUATION FOR THE RATIO OF THE CRACK AREA TO
ENCLOSED FLOOR AREA IS ESTABLISHED AS:

_ 2w (L + W)

h

AB
where,

d (Crack to enclosed floor area = unitless
ratio)

w (Floor-wall seam crack width) = cm (table 1 ofthis rule)

We (Enclosed space floor width) = cm (table 1 ofthis rule)

Le (Enclosed space floor length) = cm (table 1 ofthis rule)

As (Area of the enclosed space = cm? (Le, Weg, and Lr in table 1
below grade As =[(Ls x Ws) + of this rule)

2(LFx Lg) + 2(Lrx Wa)])

(d) The volatilization to indoor air values for vapor are determined by the
following equations:
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1. EQUATION FOR CALCULA TION OF A RISK BASED MEDIA
CONCENTRATION FOR VA POR:

_AAC
Sg a
where,

Vlsg (Volatilization to indoor air = my/m?
concentration for vapor)

AAC (Acceptable air concentration) = chemicakspecific,ug/m3-v

U (Steady-stateattenuation = unitless (Equation 2or table 1 of
coefficient) this rule)

For developing VI Tier 2 and VI Tier 3A criteria for a vapor source within 1
meter of a structure use a steadgtate attenuation coefficient of 0.03. For
developing VI Tier 3A criteria for a vapor source greater than 1 meter from a
structure, use the calculated steadgtate attenuation coefficient in Equation2 of
this subrule with a vapor sourcebuilding separation of 1 meter.

2. EQUATION FOR THE ATTENUATION COEF FICIENT OF AN
INFINITE VAPOR SOURCE ASSUMING STEADY STATE MASS

TRANSFER:
% DEﬁ 3 A Xp% sorl crack g
a= @;Ebwldlng crack crack —g
Sexp é Qsoil 3 I‘crack g+an DEﬁ 3 A 8 aDEﬁ 3 A w Xp% sorl crack 0 m
é (;%)crack 3 Acrack - g building3 I‘T 9 Esorl T —-e crack crack - Lu
where,
a (Steady-state attenuation = unitless
coefficient)
Dﬁﬁ (Effective diffusion coefficient = cm?sec (Equation3)
across vadoseonerotal-overall
effective diffusion coefficien)
As (Area of the enclosed space = cm?(Ls, Ws, and Lr in table 1
below grade As =[(Ls x Ws) + of this rule)

2(Lrx L) + 2(LFx WB)])

Quuiging  (Building ventilation rate) cm®/sec (Equationb)

Lt (Vapor source-building cm (table 1 of this rule)
separation)
Qsoil (Volumetric flow rate of soil gas = cm?®sec (Equation?)

into the enclosed spage

Lcrack (Enclosed space foundation or
slab thickness)

Acrack (Area of total cracks: Acrack = = cm?(Ls & We-table 1 of this
2w(Ls + Ws)) rule)

cm (table 1 of this rule)
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Derack (Effective diffusion coefficient = cm?/sec (assumeequivalent to
through the cracks) D¢ of Equation 3)

Equation 2 contains the exponent of the following dimensionless group:

a%Qsoil 3 Lcrack 8
C™crack 3 Acrack -
where,
Qsoil (Volumetric flow rate of soil gas = cm?¥sec (Equation?)
entering the enclosed space of a
building)

Leack  (Enclosed space foundation or
slab thickness)
Derack  (Effective diffusion coefficient

cm (table 1 of this rule

cm?/sec (assumed equivalent t

through the cracks) D¢ of Equation 3)
Acrack  (Area of total cracks: Acrack = = cm? (Ls & Ws in table 1 of this
2w(Ls + Ws)) rule)

This dimensionless group represents the equivalent Peclet number for transport
through the building foundation. As the dimensionless group approaches infinity
and if the exponent of the equation identified above is too great twe calculated then
the attenuation factor is established as:

2 eff ~
a Dv 3 Lc:rack g

3 -
C ™ crack AcrackT

2 Meff 3 ~
aDy" 3 A §+1

¢ soiI3 I-T -

a-

where,
U (Steadystate attenuation = unitless
coefficient)
Deff (Effective diffusion coefficient
! across vadoseoneFotal-overalt
effective diffusion coefficient)
As (Area of the enclosed space cm? (Le, Weg, and Lr in table 1
below grade:Ag = [(Ls x Ws) + of this rule)
2(LFx Lg) + 2(LFx Ws)])
Qbouilding (Building ventilation rate)

cm?/sec (Equation3)

cm®/sec (Equationb)

Qsoil (Volumetric flow rate of soil gas cm®/sec (Equation?)
into the enclosed spage

Lt (Vapor source-building = cm(table 1 of this rulg
separation)

3. EQUATION FOR THE EFFECTIVE DIFFUSION COE FFICIENT
WITHIN THE UNSATURAT ED ZONE:
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01" =D, (g2 /07) 0. H..) )

where,
Def (Effective diffusion coefficient = chemicatspecific, cn¥/sec
' across vadose zorsfective
chbtbosioncon connenee o
tayer)
Da (Diffusivity in air ) = chemicatspecific, cnt/sec
Ja (Soil air-filled porosity) = 0.321 cni/cm? or soil type-
specific
n (Soil total porosity) = 0.375 cni/cm3or soil type-
specific
Dw (Diffusivity in water) = chemicatspecific, cnt/sec
Qw (Soil water-filled porosity) = 0.054 cni/cm? or soil type-
specific
HNj Henryds | aw c¢ o = dimensionless (Equation 4)
systemtemperature)

4. EQUATION FOR THE DIMENSIONLESS FORM OF THE HENRYOS
LAW CONSTANT AT THE SYSTEM TEMPERATURE:

e DH, .. & 0
exp & V*ngrl 1 $3 HLC
H. = e R C's Tr 3
e R3T
S
where,
HNj (Henryds | aw c¢ o = chemicalspecific,dimensionless

system temperature
DH,,rs (Enthalpy of vaporization at the

chemicaltspecific, cal/mol

system temperature (Equation 5)
Ts (System temperature = 283.15 K or facility-specific
Tr Henryds | aw co = 298.15K

temperature)

HLC (He n r y écenstanbaithe
reference temperature)

Rc (Gas constany

R (Gas constany

chemicatspecific, atmm3/mol

1.9872 cal/molK
8.206E05 atmm3/mol-K

5. EQUATION FOR ENTHALP Y OF VAPORIZATION:

éq._ gY
|:)|_|V’TS = DHv,b 3 Mﬂ
31' TBP/TCH

where,
DH.rs (Enthalpy of vaporization at the = chemicalspecific, cal/mol
system temperaturg
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DH.»,  (Enthalpy of vaporization at the
normal boiling point)

chemicaltspecific, cal/mol

Ts (System temperature = 283.15 K or facility-specific
Tc (Critical Temperature) = chemicatspecific, K

Tep (Standard boiling point) = chemicatspecific, K

Y (Constant) = unitless

Y (constant) is established as a function of the ratiosb/Tc such that: if Tep/Tc <
0.57,Y is 0.30; if Tep/Tc is between 0.57 and 0.71 is establishedas 0.74(Bp/Tc) -
0.116; and if Tep/Tc > 0.71,Y is 0.41.

6. EQUATION FOR THE BUI LDING VENTILATION RA TE:

a 1lhr @
= (L, 3W,3H,3 ER)3
Qbundmg ( B B B ) é%mg

where,

Quuilcing  (Building ventilation rate) cm?/sec

Ls (Length of building) = cm (table 1 of this rule)
Ws (Width of building) = cm (table 1 of this rule)
Hs (Height of building) = cm (table 1 of this rule)
ER (Air exchange rate) = hr(table 1 of this rule)

7. EQUATION FOR THE VOL UMETRIC FLOW RATE OF SOIL GAS
ENTERING THE BUILDIN G:

_23p3DP3k,3 X

Qsoil - crack
m? |n(2 Zcrack/rcrack)
where,

Qsoil (Volumetric flow rate of soil gas = cm?sec
entering the enclosed space of a
building)
(Constant) = 3.14159

DP (Pressure differential between = 40 g/(cmse@) (table 1 of this
the soil surface and the enclosec rule)
space

Ky (Soil vapor permeability: k, =ki = cm? (Equations 8 and 9)
X Krg)

Xerack  (Floor-wall seam perimeter: = cm (Les & Wein table1 of this
Xecrack = 2(Ls + Wa)) rule)

€ (Viscosity of air: ¢ = = g/(cmsec)

0.00018*((Ts)/298.15)"0.5)
Zerack  (Portion of the structure below
grade in which vapors will
passsiraeturedepth-below
grade that vapors will pas$

cm (table 1 of this rule)
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lcrack (Equivalent crack radius) = cm (Equation 11)

8. EQUATION FOR THE SOI L INTRINSIC PERMEABI LITY:

K 3 & 1hr § sm,
= ° #,600sech
I rw 3 g
where,
Ki (Soil intrinsic permeability) = cn?
Ks (Soil saturated hydraulic = 26.78 cm/hr or soil typespecific
conductivity)
my (Dynamic viscosity of wate) = 0.01307 g/cm-sec @ 30
Mw (Density of water) = 0.999 g/cni
g (Acceleration due to gravity) = 980.665 cm/sec

9. EQUATION FOR RELATIV E AIR PERMEABILITY:

2G
krg = (1' Ste)y2 3 éﬁ' Ste%;g

where, . .
Krg (Relative air permeability) = unitleg® 1O O
Ste (Effective total fluid saturation) = unitless (Equation10)
G (van Genuchten shape = 0.6852 unitless or soil type-

parameter) specific

10. EQUATION FOR EFFECTI VE TOTAL FLUID SATUR ATION:

— (dw - dr)
te (n _ d-r j
where,
Ste (Effective total fluid saturation) = unitless
Qw (Vadose zone soil watefilled = 0.054cm3/cm?3 or soil type-
porosity) specific
ar (Residual soitwater content) = 0.053cm¥cmior soil type-
specific
n (Soil total porosity) = 0.375cm’/cm?® or soil type-
specific

11. EQUATION FOR THE EQU IVALENT RADIUS OF TH E FLOOR-WALL
SEAM CRACK:

rcrack = h 3 (AB/Xcrack)

where,
lcrack (Equivalent crack radius)

cm
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As (Area of the enclosed space = cm? (Le, Wsg, and Lr in table 1
below grade:As =[(Ls X Ws) + of this rule)
2(LFx Lg) + 2(LFx WB8)])

qd (Acrac/AB) = unitless (0 Ollc

Xerack  (Floor-wall seam perimeter: = cm (Ls & Ws in table 1 of this
Xerack = 2(LB + WB)) rule)

12. EQUATION FOR THE RATIO OF THE CRACK A REA TO ENCLOSED
FLOOR AREA IS ESTABL ISHED AS:

_ 2w Ly + W)

h

AB
where,

d (Crack to enclosed floor area = unitless
ratio)

w (Floor-wall seam crackwidth) = cm (table 1 of this rule)

Ws (Enclosed space floor width) = cm (table 1 of this rule)

Le (Enclosed space floor length) = cm (table 1 of this rule)

Ag (Area of the enclosed space = cm? (Le, Wsg, and Lr in table 1
below grade:As = [(Ls X Ws) + of this rule)

2(LEx L) + 2(Lex Wa)])

(3214) The residential AAC shall be the minimum of the health risk-based
acceptable air valuegAAV) calculated according to equations 1 t® of this subrule,
except as provided in R 299.49(1E) and (FF). The nonresidential AAC shall be
the minimum of the health risk-based aceeptable—air—valuedAV calculated
according to equations 6 to 8 of this subruleexcept as provided in R 299.49(1E)
and (FF).

RESIDENTIAL:
1. EQUATION FOR CARCINO GENIC EFFECTS:
v = TR3 AT,
“ |URF3ED,®EF,
where,
AAVca (Acceptable air value) =  chemicatspecific, pg/n¥
TR (Target risk level) = 10°
ATca (Averaging time) = 28,470 days
IURF (Inhalation unit risk factor) =  chemicatspecific, (ug/n¥)?
EDres (Exposure duration) = 32years
EFres (Exposure frequency) = 350 dayslyear

2. EQUATION FOR CARCINO GENS WITH MUTAGENIC EFFECTS:
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TR3 AT
Vm“t = 3 3 3 3 = 3 3
IURF3 EF, [(ED<2 ADAF<2)+(ED2-6 ADAF2-6)+(ED6-16 ADAF6-16)+(ED16-32 ADAF16-32)]
where,

AAVmut (Acceptable air value) = chemicatspecific, pg/m
TR (Target risk level) = 10°
ATca (Averaging time) = 28,470 days
IURF (Inhalation unit risk factor) = chemicatspecific,
(ng/md)t

EFres (Exposure frequency) = 350 dayslyear
ED age <2 (Exposure duration, age <2 years) = 2years
ADAF<, (Age-dependent adjustment factor = 10

for cancer potency, age <2 years)
EDage 26 (Exposure duration, age 26 years) = 4 years
ADAF2.6 (Age-dependent adjustment factor = 3

for cancer potency, age b years)
EDages-16  (Exposure duration, age 616 years) = 10 years
ADAFes16  (Age-dependent adjustment factor = 3

for cancer potency, age 616 years)
EDage 1632 (Exposure duration, age 1632 = 16 years

years)
ADAFi632  (Age-dependent adjustment factor = 1

for cancer potency, age 182 years)
3. EQUATION FOR NONCARC INOGENIC EFFECTS:

_ THQ? AT, 3 RfC2 RSC

AAV
EDI’ES 3 EFI’E‘S
where,
AAVy, (Acceptable air value) =  chemicatspecific, g/t
THQ (Target hazard quotient) = 1
ATres (Averaging time) = 11,680 days
RfC (Reference concentration) =  chemicatspecific, pg/nt
RSC (Relative source contribution) = 1 or chemicatspecific
EDres (Exposure duration) = 32years
EFres (Exposure frequency) = 350 daysl/year

4. EQUATION FOR DEVELOPMENTAL EFFECTS -CHILD :

AAV,., = THQ 3 AT,,;,4® RfC,,, 2 RSC
EDchild:‘} EI:child
where,
AAVgey  (Acceptable air value) = chemicaktspecific, pug/n#
THQ (Target hazard quotient) = 1
ATchild (Averaging time) = 2,190 days

RfCqev (Reference concentration, chemicatspecific, ug/n®
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developmental)

RSC (Relative source contribution) =
EDchild (Exposure duration) =
EFchiia (Exposure frequency) =

1 or chemicalspecific
6 years
350 daysl/year

5. EQUATION FOR DEVELOP MENTAL EFFECTS T PREGNANT

RESIDENT:
AAV,. = THQ 3 AI;TDpreg 33REchdeV 3 RSC
preg preg
where,

AAVgev  (Acceptable air value) =

THQ (Target hazard quotient) =

AToregrr  (Averaging time, full-term =
pregnancy)

ATpregse  (Averaging time, single event =
exposure during pregnancy)

RfCaev (Reference concentration, =
developmental)

RSC (Relative source contribution) =

EDpreg.rr (Exposure duration, full-term =
pregnancy)

EDpreg.se  (Exposure duration, single event =
exposure during pregnancy)

EFpregrr (Exposure frequency, fultterm =
pregnancy)

EFpregse  (Exposure frequency,single event =

exposure during pregnancy )

NONRESIDENTIAL:
6. EQUATION FOR CARCINO GENIC EFFECTS:

_ TR3 AT,
“ JURF2®ED, 3 EF,
where,
AAVca (Acceptable air value) =
TR (Target risk level) =
ATca (Averaging time) =
IURF (Inhalation unit risk factor) =
EDn (Exposure duration) =
EFn (Exposure frequency) =

7. EQUATION FOR NONCARCINOGENIC EFFECTS:

chemicalspecific, ug/n®
1

280 days orchemicat
specific

1 day or chemicat
specific
chemicatspecific, ug/n®

chemicatspecific or 1
0.767 year or chemical
specific

1 day or chemicat
specific

268.5 daysl/year or
chemicaktspecific

1 day/day or chemical
specific

chemicatspecific, pg/n?
10°
28,470 days

chemicatspecific, (ug/n¥)*

20 years
238 daysl/year



where,

8. EQUATION FOR DEVELOP MENTAL EFFECTS i

where,
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_ THQ 3 AT, 3 RfFC3 RSC

AAV
EFnr 8 E:)nr
AAVic (Acceptable airvalue)
THQ (Target hazard quotient)
ATn (Averaging time)
RfC (Reference concentration)
RSC (Relative source contribution)
EFn (Exposure frequency)
EDn: (Exposure duration)

WORKER:
Ay, = THQ® AT, ® RICq, 3 RSC
EDdev 3 EFdev

AAVuev  (Acceptableair value)

THQ (Target hazard quotient)

ATeevrr  (Averaging time, pregnant worker,
full -term pregnancy)

ATaeevse  (Averaging time, pregnant worker,
single event exposure during
pregnancy)

RfCgev (Reference concentration)

RSC (Relative source contribution)

EDdevrr  (Exposure duration, pregnant worker,
full -term pregnancy)

EDdevse  (Exposure duration, pregnant worker,
single event exposure during
pregnancy)

EFsevrr  (Exposure frequency, pregnant
worker, full -term pregnancy)

EFsevse  (Exposure frequency, pregnant

worker, single event exposure during
pregnancy)

(2215) Figure 1 of this rule reads as follows:

chemicalspecific, ug/n®
1

7,300 days
chemicatspecific, ug/n®
1 or chemicalspecific
238 daysl/year

20 years

PREGNANT

chemicatspecific, ug/n®
1

280 days or chemical
specific

1 day orchemical
specific

chemicatspecific, pg/n?
chemicatspecific or 1
0.767 year or chemical
specific

1 day or chemical
specific

183 days/year or
chemicatspecific

1 day/day or chemical
specific
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FIGURE 1:

VI T ier Process

Develop Conceptual Site Model (CSM)
Does the CSM indicate that the VIAP is
relevant?

VIAP
Addressed

‘7

Tiered Analysis of the VIAP
Develop and apply screening and criteria based
on increasingly detailed model parameters.

y

VITier 1 Screening Level
Is site above initial screening levels?

%

VI Tier 2 Generic Criterion
Incorporation of Geologic-Based Inform ation
Is the site above generic criteria?

>

With Restrictions’ |—

N

VI Tier 3A Generic Criterion
Incorporation of Land Use and
Building-Specific Information
Is site above facility-specific
criteria?

Y

A

VI Tier 3B Site-Specific Criterion
Alternate Approach
Is the site above alternate site-
specific criteria?

Y

Response Activities to Address VIAP
Identification and implementation of
appropriate remediation and/or building
controls

1. R 299.27(8)(h)
2. Notrequired for compliance with MCL 324.20107a
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(2316) Table 1 of this rule reads as follows:

TABLE 1
Generic Input Values
Variable VI Tier 1 VI Tier 2 VI Tier 3A
Screening Levels Generic criteria Generic criteria
_ Exposure scenario Unrestricted Unrestricted Limited Residential &
category Residential Residential Limited Nonresidential

Source temperature

For sand: 10°C or
283.15K or county
specific temperature if

Ts (Table 2 of R 299.7) 10°C or 283.15K < 10°C VI Tier 2 values
For all other soil types:
County-specific value
l1cmor0.01lm
Vapor :
1cm or 0.01 m when the
Soil and Vapor: vapor source |
Tcmor0.0Lm vertically from the
. Shallow Groundwater: structure
Soil and Vapor: : 100 cm or 1 m when the
lcmor0.01m e il vapor sourceis>1m
Shallow éroundwater' Groundwater, vertically from the
Distance to a vapor : - " | rcontact=Ter L y
L source . Netin-contactw\When structure .
T (incontact defined-in coRtactwit actual depth to Shallow Groundwater;
subrule (3) of this rule) i s Ly groundwater > depth of WM CTEE valug
equations in subrule building considerin Groundwater:
(13)(a) and (13)(b) of " 9 p % ; | tr-contact=VI Tier 22
this rule ;:apl_ iy ZunE e D value
ootings, and Noti
subsurface utilities, Lt
= Lwri Le actual-depth-to
groundwater>depth-of
i St
utihittes—tr—=btwri—Lr
Depth of footings and
Lrr utilities below enclosed 100cm; 1 m VI Tier 1 value VI Tier 1 value
space
Residential:
Basement;
15cmor 0.15m
Basement (uninhabitable):
200cm or2m
- Slab-on-grade:
Portion of the structure
Zcrack | below grade in which Basement: VI Tier 1 value L2 E11 O Gl
crac ” 15cm or 0.15 m Nonresidential:
vapors will pass Basement:
15cmor 0.15m
Basement (unoccupied):
200cm or2m
Slab-on-grade:
15cmor 0.15m
Depth below grade of Groundwaterand w )
LF, enclosed spaceand vaper-200cmor 2m VI Tier 1 value Nonresidential:
ZLerack crack depth-below-grade Soit 15 c-0r 015 m Basement: 200 cm or 2 m

Slab-on-grade: 15cm or
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Variable

VI Tier 1
Screening Levels

VI Tier 2
Generic criteria

VI Tier 3A
Generic criteria

Exposure scenario
category

Unrestricted
Residential

Unrestricted
Residential

Limited Residential &
Limited Nonresidential

0.15m

Lwr

Depth to groundwater
. finition i
subrule-(3)-ofthisrule)

Shallow Groundwater:

3 m or 300 cm and-in
contactwith-the
structure

Actual depth to
groundwater > depth of

Actual depth to
groundwater > depth of

building considering
capillary zone, depth of
footings, and subsurface

building considering

utilities. Shallow

capillary zone, depth of

footings, and
subsurface utilities.

Groundwater: Pursuant to
subrule (3) of this rule.
Groundwater:

Shallow Groundwater:
Pursuant to subrule (3)
of this rule.3-me+r300
cm
Groundwater-netin
contactwhen:
Pursuant to subrule (4)
of this rule.

Basement:

Lwr i (LF + Lrr) >0 or
LwrT (Lr+Lcz) >0

Pursuant to subrule (4) of
this rulelacontactunless

Basement:

Lwr i (Lr+ Lrr) > 0o0r Lwr i
(LF+Lcz)>0
Slab-on-grade:

Ler + Lez< Lwr

Lcz

Thickness of capillary
zone

Subrule (3213)(a)
Equation 13 of this
rule

Subrule (3213)(a)
Equation 13 of this rule

Subrule (4113)(a) Equation
13 of this rule

Lcrack

Enclosed space floor
thickness

15cmor 0.15m

VI Tier 1 value

Residential or
Nonresidential:
15cmor; 0.15m

Le

Enclosed space floor
length

1,000cm or 10 m

VI Tier 1 value

Residential:

1,000 cm or 10 m
Nonresidential use of a
former residential
structure:

1,000 cm or 10 m

All other nNonresidential
Al-others:

2,000 cm or 20 m

Enclosed space floor
width

1,000cm or 10 m

VI Tier 1 value

Residential:

1,000 cm or 10 m
Nonresidential use of a
former residential
structure:

1,000 cm or 10 m

All other nNonresidential
All others:

2,000 cm or; 20 m
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Variable

VI Tier 1
Screening Levels

VI Tier 2
Generic criteria

VI Tier 3A
Generic criteria

Exposure scenario
category

Unrestricted
Residential

Unrestricted
Residential

Limited Residential &
Limited Nonresidential

Enclosed space height
(mixing height)

244 cmor 2.44 m

VI Tier 1 value

Residential:
Basement{eccupied):
244 cm or 2.44 m
Basement (uninhabitable):
366 cm or 3.66 m
Slab-on-grade:

244 cm or 2.44 m
Nonresidential:
Basement:

244 cm or 2.44 m
Basement (unoccupied):
366 cm or 3.66 m
Slab-on-grade:

244 cm or 2.44 m
Basement 366cm
Slab-on-grade:-366-cm

Floor-wall seam crack
width

0.1cm or 0.001 m

VI Tier 1 value

VI Tier 1 value

ER

Air Exchange Rate

0.25 hrt

VI Tier 1 value

Residential:

House: 0.25 hrt

High-rise Apartment: 0.61
hrt

Nonresidential:
Nonresidential use of a
former residential
structureFermer
residential-structure-now
nonresidentialuse: 0.5 hrt
An individual
nonresidential structure or
portion < 50,000 ft%

1.0 hrt

An individual
nonresidential structure or
portion & 150rt(
Other site-specific values:
Pursuant to subrule (11) of
this rule.

DP

Soil-bldg. differential
pressure, Residential or
Nonresidential

40 g/cm-s?

VI Tier 1 value

VI Tier 1 value

Soil organic carbon
weight fraction

0.002

VI Tier 1 value

VI Tier 1 value

Volatilization factor for
shallow groundwater

Calculated from
subrule (2613)(b) of
this rule. and-used-in
the developmentof
Hrogrerndhantor e
coptoeanlus

VI Tier 1 value

VI Tier 1 value
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Variable

VI Tier 1
Screening Levels

VI Tier 2
Generic criteria

VI Tier 3A
Generic criteria

Exposure scenario
category

Unrestricted
Residential

Unrestricted
Residential

Limited Residential &
Limited Nonresidential

Attenuation coefficient

Soil: Calculated
pursuant to subrule
(6) of this rule.

Vapor: 0.03

Shallow Groundwater:
Groundwaterin
contactfor diffusion
through-the-conerete:
0.03 pursuant to
subrule (3) of this rule.

Soil: Calculated
pursuant to subrule (6)
of this rule.

Vapor: 6:63

Vapor source <1 m:
0.03

Vapor source and
sampling location is >1
m: May be calculated
pursuant to subrule (5)
of this rule.

Shallow Groundwater:
0.03 pursuant to

Soil: Calculated pursuant
to subrule (6) of this rule.

Vapor:
Vapor source <1 m: 0.03

Vapor source and

sampling location is >1 m:

May be calculated

pursuant to subrule (5) of

this rule.

Shallow Groundwater:
0.03 pursuant to subrule
(3) of this rule.

subrule (3) of this rule. | Groundwater:
Sroundwater in Caleulated-pursuantto
Groundwater: aetin through-the conerete- 003
contact:-Calculated Groundwaternotin
pursuant to subrule (4) | contact—Caleulated

of this rule.

Surface area of
contaminated water
within the structure, for
a hazardous substance
identified with a risk
from a short term
exposure or for a
hazardous substance
that does not have
sufficient chemical-
physical inputs,

Lg x Wg = 1E+06 cm?,
or 100 m2

The weighted
contribution to indoor
air from a-shallow
groundwater, seuree

Area of direct
diffusion from sump
and cracks: 10,000
cm?, or 1 m?

Area of diffusion

VI Tier 1 value

VI Tier 1 value that may be

adjusted for the
nonresidential
assumptions

less-than-3-meters
through the concrete:
betow-grade 9.5E+05 cm?, or 99 m?
Residential:
House, High-rise
Ceornehntorond Apartment
vaper-Residential Nonresidential:
house with eccupied-a Former residential
-- Building Type basement VI Tier 1 value structure now
Seil-Residential nonresidential use,
housewith-a-slab-on- Nonresidential structure
grade-foundation or portion < 50,000 ft?,

Nonresidential structure
or portion? O

=
9
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. VI Tier 1 VI Tier 2 VI Tier 3A
Variable . . I . .
Screening Levels Generic criteria Generic criteria
Exposure scenario Unrestricted Unrestricted Limited Residential &
- category Residential Residential Limited Nonresidential
Residential:
Basement
G Basement (uninhabitable)
. ! : Slab-on-grade
- Foundation Type %Basement VI Tier 1 value Nonresidential:
Solt-e 9 Basement
Basement (unoccupied)
Slab-on-grade
No info available: Sand
Approved Field
methodsObservation:
Sand, sandy loam,
loamy sand, or loam
Soil type input values Via-aOther Approved
-- (Tables 1 and-2-of Sand methods: VI Tier 2 values
R 299.7) United States
Department of
Agriculture 12
classifications2
_ Basis of Capillary Fringe | Calculated based on Ca]culated based on VI Tier 2 values
er-Zone sand soil type
-- Soil source type Infinite VI Tier 1 value VI Tier 1 value

(3417) The equations for the generid/I Tier 3A nonresidential volatilization to indoor
air health-based values do not explicitly include an exposure time. Continuous-Béur
per day exposure may not be representative of worker exposures in commercial or
industrial settings. Both of the following apply:

(a) Except as identified below the generic nonsidential groundwater, soil or vaporViI
Tier 3A criteria based upon the healthbased value derived from the equations of this
rule may be adjusted to represent a I-hour work day by multiplying the VI Tier 3A
criterion by 2. An exposure time adjusted sowalue shall not exceed the maximum
ceiling concentration or be lower than the target detection limit. An exposure time
adjusted groundwater valueshall not exceed the solubility limit or be lower than the
target detection limit. A 12-hour exposure time adjsted value remains a generic
nonresidential criterion. Other adjustments for exposure timethe-rumber-of-work-day
heurs-may be proposed as sitspecific criteria based on a nonresidential land use that
by its nature would only allow activities for alimited exposure time The activities
allowed by the land use must be easily identifiable, enforceable and included in the land
or resource use restriction for the property.
ability to demonstrate compliance usingsection 20120a(18) of the act.

(b) Exposure time shall not be adjusted fofrthe VI Tier 3A criteria forteluene-and
11 trichloreethane-are-developed from acceptable air concentrations based upon
aeuteshort-term inhalation reference values for exposures of less than 12 hours

designated in R299.49(1)DD) to (FF). and-exposure-time-shall-netbe-adjustedrhe
Tier 3A criteria for hazardous substances dsignated as a single event i

in



R 29928 Cleanup criteria for contaminated environmental media based on other injury

which requires consideration

Rule 28. (1) To assure thdtazardous substances in contaminated environmental media do
not pose unacceptable risks not accounted for by other rules in this part, the concentration of
a hazardous substance in a given environmental medium shall meet cleanup criteria based on
sound s@ntific principles and determined by the department to be necessary to protect the
public health, safety, and welfare and the environment from any of the following:

(a) Food chain contamination.

(b) Damage to soil or biota in the soil that impairs tise of such soil for agricultural
purposes.

(c) Phytotoxicity.

(d) Physical hazards.

(e) Nonsystemic or acute toxicity.

() Injury that may result from the direct transport or runoff of hazardous substances in soil
into surface water.

(9) Injury to the groundwater resource which may impair its use for other purposes that are
determined by the department to be reasonable and relevant considerations at a facility.

(h) Other injury that requires consideration.

(2) The basis for and informationad by the department to develop cleanup criteria under
this rule shall be made available to the public upon request.

R 29930 Surface wateand-surface-watesedimentscleanup criteria

Rule 30. (1) Any response activityplan that addresses surface watesedimentghat are
associated wittsurface waters of the statas defined by part 31 of the acshall include
site-specific cleanup criteriaapproved by the department pursuant to section 20120a(2)
and 20120b of the at Criteria shall be establishedby-the-departmerndn the basis of sound
scientific principles and evaluation of bulk sediment chemistry, sediment toxiartgl
benthic communitypopulationsand be approved by the department Criteria shall be
establishedconsidering the need to eliminate or mitigate the following use impairments, as
appropriate to the facility in question:

(a) Restrictions on fish or wildlife consumption.

(b) Tainting of fish and wildlife flavor.

(c) Degraded fish or wildlifgpopulations.

(d) Fish tumors or other deformities.

(e) Bird or animal deformities or reproductive problems.

() Degradation of benthos.

(9) Restrictions on dredging activities.

(h) Eutrophication or undesirable algae.

() Restrictions ordrinking water consumption or taste or odor problems.

()) Beach closings.

(k) Degradation of aesthetics.
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() Added costs to agriculturedustry, or a local unit of government

(m) Degradation of phytoplankton or zooplankton populations.

(n) Loss of fish and wildlife habitat.

(0) Unacceptable risk through human contact as a result of absorption of hazardous
substances through the skin or by incidental ingestion of sediments.

(p) Other unacceptable risks to human receptors exposed to hazaulostancesin
sediments.

(2) The basis for, and information usegthe-departmerto develop cleanup criteriaand
relied upon by the department to approve the criteriaunder this rulgshall be made
available to the public upon request.

R 29934 Risk assessment amtkvelopment of cleanup criteria for certain substgnces
speC|aI conS|derat|ons

(21) If 2 or more hazardous substances are present and known to result in toxicological
interaction, then the interactive effeatscluding additivity, shall be considered in
establishing levels that are protective of the public health, safety, and welfare and the
environmentBoth of the following apply:

(a) All polychlorinated ane-pelybreminated-dibenzodioxins and dibenzofurans and
dioxin-like polychlorinated biphenyls shall be evaluated as a single hazardous substance
and environmental concentrations expressed as an equivalent concentration of 2,3;7,8
tetrachlorodibenzo-p-dioxin based upon the relative potency and concentration of the
dioxin-like chemicals present at the facility. All classes of hazardous substances that
have documented dioxiAlike activity and have toxicity equivalent factors or other
relative potency factorsrecognized by theUnited States Environmental Protection
Agency shall be evaluated as a single hazardous substance and environmental
concentrations calculated on the basis of the relative potencies and chemispEcific
concentrations present at the facity. The adjusted environmental concentrations shall
be summed and the resulting total equivalent concentration compared to the criterion
for 2,3,7,8tetrachlorodibenzo-p-dioxin.

(b) Carcinogenic polynuclear aromatic hydrocarbons shall be evaluated as angle
hazardous substance and environmental concentrations expressed as an equivalent
concentration of benzo(a)pyrene based upon the relative potency and concentration of
the carcinogenic polynuclear aromatic hydrocarbons present at the facility. All
carcinogenic polynuclear aromatic hydrocarbons that have documented carcinogenic
activity that is additive to that of benzo(z)pyrene and have relative potency factors
recognized by theUnited States Environmental Protection Agencyshall be evaluated as
a singlehazardous substance and environmental concentrations calculated on the basis
of the relative potencies and chemicapecific concentrations present at the facility. The
adjusted environmental concentrations shall be summed and the resulting total
equivalent concentration compared to the criteria for benzo(a)pyrene.
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(32) The department may calculate generic cleanup criteria for certain hazardous substances
using exposure assumptions other than those shown #gigthrmequationsin these rules
if either of the following conditions is satisfied:

(a) A hazardous substance causes an adverse effect in a séifesstizge orsubpopulation
that is not adequately protectby a generic criterion or represented bgny of the generic
exposureassumptionsAdverse effects to be addressed by this subrule includeut are
not limited to, developmental or reproductive effects.

(b) The toxicokinetics of a hazardous substance are not best represented by the average
daily dose, when accounting fdre most sensitive effect.

(3) When determining compliance with generic cleanup criteria calculated under
subrule (2) of this rule, the environmental data shall represent the exposure
assumptions used to develop the criteria.

(4) When polychlorinated biphenyls are present, refer to the federal Toxic Substances
Control Act (TSCA), 40 C.F.R. 761 to determine the applicability of the TSCA cleanup
standards.

R 29936 Caleulation—of eriteria basedenDetermination of noncarcinogeni@ndpeints
minimumtoxicity datavalues
Rule 36. (1) Theminimum data required to calculatecbeanup-eriteriohealth-based value
for a nencarcinogenazardous substancevhen the route of exposure is ingestion or dermal
absorption shall be the reference dos@n equivalentnoncarcinogenictoxicity value that
is determined on the basis of the best available information and considering the weight of
evidence.

&neler—paﬁ%‘.ﬁhe data requwed to calculate a healtkbased value that is based owr
incorporates the inhalation route of exposure shall be the reference concentration or an
equivalent inhalation noncarcinogenic toxicity valuethat is determined on the basis of
the best available information and considering the weight of evidence

R 29938 Determination ofeancerslope-factorsfarse-in-caleulation-of-criteriabased on
carcinogeni@ndpeinttoxicity values.

Rule 38. (1) The department shall rely on the cancer risk for oralor inhalation
exposure conducted by the United State€nvironmental Protection Agency and
published in the integrated risk information system as a basis for calculatioof criteria
for those hazardous substancethat cause cancer unless the department determines
that other sources represenbest available s@ntific information.

(2) If the department develops a carcinogenic toxicity valueor a site-specific
carcinogenic toxicity value is proposed the following shall apply:

(a) A nonthreshold mechanism of carcinogenesis shall be assumed unless biological data
adequately demonstrate the existence of a threshold kearardous—substanahemicat
specific basis.
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(2b) All appropriate humaepidemiologiecancerdata, animal cancdreassaydata, and all
other pertinent data shall be considered aeargerstope-factorcarcinogenictoxicity value
developed if the weight of evidence for carcinogenicity is sufficidihie carcinogenic
toxicity value shall be developed consistent with the cancer risk assessmenidelines
developed by the Unlted States IE/lronmentaI Protectlon Agency Prete#ed—data—are

om-a species
ike-humans,
ence

les tested,

(c) The cancer rlsks associated with early life exposures shall be addressed usthg
United States Environmental Protection Agency guidance for assessing susceptibility
from early-life exposure to @arcinogens with a mutagenic mode of action When
chemicalspecific data are available for a sensitive lifestageghe data may be usedto
develop chemicalspecific agedependent adjustment factos. When chemicalspecific
data are not available,genericagedependent adjustment factors shall be used.

(8d) If animal bioassay data are used and athoeshold mechanism of carcinogenicity is
assumed then the data shaII be fltted to a Ilnearlzed multlstage—éwetstampte—ﬁlebal

usesto determlne cancer potenC|es The ummnnd 95% confldence I|m|t on risk, or the
lower 95% confidence limit on dose, at the 1 in 100,000 risk level shall be used to calculate a
risk-associated dose for individual hazardogssbstances. Other models, including
modifications or variations of the linearized multistage model that are more appropriate to
the available datanay be used where scientifically justified.

(4e) If the duration of the study is significantly less than the natural lifespan of the test
animal, then the slope factor may be adjusted on alpasase basis to compensate for
latent tumors that were not expressed. The lifespan of a rat is assumetiO weeks and
the lifespan of a mouse is assumed to be 90 weeks. If the test animal is a rat and the study
duration is less than 90 weeks, or if the test animal is a mouse and the study duration is less
than 78 weeks, then the slope factor shall be midtdgdy the following factor: the expected
lifespan(L) divided by the study duratidf.) raised to the third powgef(L/Le)?].

(5f) A species scaling factor shall be used to account for differences between test species
and humans. It shall be assumed that scaling daily administered doses by body mass raised to
the 3/4 power achieves equivalence in lifetime carcinogenic risk in diffenammalian
species. To derive a human slope factor from animal data, the default procedure shall be to
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multiply the animal slope factor by the ratio of human to animal body weights raised to the
1/4 power. However, if adequate pharmacokinetic and mésatastudies are available, then
these data may be factored into the adjustment for species differences onrbg-case
basis.

(69) Additional adjustments shall be made to the data as appropriate. For some cancer data
sets, it may be appropriate tongbine incidences of multiple tumor types or combine benign
and malignant tumors of the same histogenic origin. All doses shall be adjusted to give an
average daily dose over the study duration. Adjustments shall be made to the tumor incidence
for early motality. Animals dying before the appearance of the first tumor within their dose
group shall be removed from the data set. Before quantification of the dose response, a
goodnes=f-fit evaluation of the data shall be conducted.

(#h) If human epidemiologic data, animal bioassay data, or other biological data indicate
that a chemical causes cancer via a threshold mechanism, then {thesdslated dose may,
on a casdy-case basis, be calculated using a method that assumes a thnestiodshism is
operative.

R 29940 Availability of information used by department to establ@d&anup criteria;

public review and comment on revised criteria.

Rule 40. (1) The department shall make available to the public the detailed basis for
calculation of any cleanup criterion established under these rules, inclibang
refereneesource citdions for original studies, papers, or othesurees—oinformation that
were used-or—consideredlied upon to calculate the criterion Requests for information
under this rule shall specify the hazardous substance and exposure pathways for which
information is desired.

(2) Any proposed change to a criterion shall be published by the department and subject to
review and comment as part of the roeking process.

R 299.44 RescindedGenericgroundwater-cleanup-criter

i feria.
Q // Nae dane (aldaTETalalViVialda ataTallla .. a - 1 Wnln




Groundwa Nenresidentia
Residenti Nonresid ter Groundwater | | Groundwater Flammabilit
Chemieal al ential Surface | Volatilization | Velatilization y-and
Hazardous Serviee Water Water  Interface nhalation nhalation | Selubi | Sereenny
Substance Number | Criteria | Criteria  Criteria Criteria Criteria lity Level
Acenaphthene 83329 1,300 3:800 38 4:200(S) 4,200(S) | 4240 Ts)
Acenaphthylene 208968 52 150 1D 3,9004(S) 3;900(S) | 3930 Ta)
1.00E
Acetaldehyde—{) 75670 950 2,700 130 1.1E+6 2.3E+6 +9 8.9E+6
Acetate 71501 4;200 12,000 {G) D D D D
6-00E
Acetic acid 64197 4,200 12,000 {G) NLV NLV +9 1.0E+9 (D)
1.00E
Acetone () 67641 30 2,100 1,700 1.0E+9(D,S)| 1LOE+9(D,S)| +9 15E+7
2.00E
Acetonitrile #5058 140 400 NA 2.4E+7 4 5E+7 +8 2.1E+7
6-10E
Acetophenone 98862 1,500 4,400 D 6.1E+6 (S) 6.1E+6 (S) +6 D
2.10E
Acrolein (1) 1067028 120 330 NA 2:100 4.200 +8 6.7E+6
2.20E
Acrylamide 79061 05(A) 05(A) 1009 NV NV +9 NA
1.00E
Acryhcacid 79107 3,900 11,000 NA 1. 2E+7 2.8E+7 +9 1.0E+9-(D)
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Groundwa  Residential | Nonresidentia
Residenti| Nonresid ter Groundwater | 1 Groundwater Flanmabilit
Chemical al ential Surface | Volatilization  Volatilization y and
Hazardous Service Water Water | Interface Inhalation Inhalation | Solubi| Screening

Substanee Number | Criteria | GCriteria | Criteria Criteria Criteria Yty Level
1.83E

Alachter 15972608| 26-(A) 20-(A) H-E4 NV NV +5 B
6-00E

Aldicarb 116063 | 3.0(A) 3.0(A) NA NLV NLV +6 18}
7-80E

Aldicarb sulfone 1646884 | 2.0 (A) 2.0 (A) NA NLV NLV +6 D
2-80E

Aldicarb sulfoxide = 1646873 | 4.0 (A) 4.0 (A) NA NLV NLV +7 D

6-01(M);

Aldrin 309002 0.098 0.4 8.7E6 180 (9) 180 (S) 180 D

Aluminum—(B) 7429905 | 500 | 50-0¥) NA NEV NEV NA Ts}

Ammonia 7664417 (N) (N) (CC) 3.2E+6 71E+6 +3 B
t-Amyl methyl 2.64E

ether(FAME) 994058 | 190(F) | 1904F) NA 2.6E+5 57E+5 +6 NA
3.60E

Aniline 62533 53 220 4 NLV NLV +7 NA

Anthracene 120127 43(S) 43(S) 183 43(S) 43(S) 43.4 B

Antimony 7440360 | 6.0 (A) 6.0 (A) 130 (X) NLV NLV NA D

Arsente 7440382 | 10(A) 10 (A) 10 NLV NV NA 1B

7.0E 7.0E

Asbestos—{(BB) 1332214 | MFL(A) | MFL(A) NA NEV NEV NA NA

Atrazine 1912249 | 3.0(A) 3.0(A) 7.3 NLV NLV 70,000 D

Azobenzene 103333 23 94 [Ia} 6,400-(S) 6:400(S) | 6400 s}

Barium—(B) 7440393 | 2,006(A) | 2600A)| HS) NV NV NA Ts)




Benzidine 92875 0:3-(MH:-6.-015 NLV 5.20E+bH D
Benzo(aanthracene

) 56553 21 85 D NLV 94 B
Benzobifluoranthene

(Q) 205992 | I5(SAA) | I5{SAA) D 1B 1.5 B
Benzolofiueranthene 10-(hh; 10-(M)-0-8

(Q) 207089 6:84(S) (S) NA NEV 0.8 D
Benzo(g,h,i)perylene 191242 0.26 (S) S) 1B INTAVE 026 1n]
Benzo(ajpyrene Q) 50328 5:0(A) 5:0(A) 1D NLV 162 1D
Benzoic acid 65850 32,000 92,000 NA NLV 3.50E+6 D
Benzylalechol 100516 10,000 29,000 NA NLV 4 40E+7 B
Benzylechloride 100447 = 32 NA 77,000 4.90E+5 NA
Beryllium 7440417 | 4.0 (A) 4.0 (A) {G) NLV NA D
bis{2

Chloroethoxy)ethane | 112265 D B D NLV 1.89E+7 D
bis(2Chloroethyhether 1.0-(MY;

& 111444 2 8.3 079 21E+5 1.72E+7 | L7E+7(S)
bis{2

Ethylhexyl)phthalate 117817 6.0 (A) 6.0 (A) 25 NLV 340 NA
Boron—(B) 7440428 | 5004F) 500-(F) 7.200-(X) NLV NA TaY
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Bromate 15541454 10A) 10-(A) 4004 NV NV 38,000 B
Bremebenzene—{) 1063861 18 50 NA 1 8E+5 3-9E+5 413E+5 B
Bromodichloromethant 75274 | 80-{AW) 80-(AW) B 4800 37,000 6-+4E+6 B
Bremeform 75257 | BO-AMWH BO-(AW) B A 7E+S 3AHE+6-(S) | 31OE+6 B
Bromomethane #4839 10 29 35 4000 9,000 LA5E+7 B
n-Butanol{h #1363 950 2,00 9;800-0%) NEV NEV +40E+7 4 7E+T
2-Butanene-(MEKI—{}| 78933 13,680 38080 2280 2AE+8(S) 2AE+8(S) | 240E+8 B
n-Butyl-acetate 123864 550 1,600 NA 67E+6(S) 6 7/E+6{(S) | 6-70E+b6 2.5E+6
-Butyl-aleohel 75650 3900 +H-0680 NA FOE+9-(BS) 1 O0E+9(5.S)| L00E+9 6 HE+7
Butyl-benzylphthalate| 85687 1,200 2400(S) 6704 NLEV NLV 2,690 B
n-Butylbenzene 104518 80 230 D 1B D NA D
secBubytbenzene 135983 80 230 B B B NA B
t-Butylbenzene{l) 98066 80 230 B 1B B NA B
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Chlorebenzene—{l)| 108907 | 100-A) 100-(A) 25 21E+5 47E+5(S) | 472E+5 1.6E+5
p-Chlerobenzene

sulfonic-acid 98668 7-300 21000 1B 1B 1B NA B
1-Chloro-1;1-

difluoroethane 75683 15.000 44000 NA 39E+64(S) | 3.9E+6(S) | 3:90E+6 NA
Chloroethane 75003 430 1.700 1100049 57E+64S) | 5FE+6(S) | 5:74E+6 11E+5
2-Chloroethyl-vinyl | 110758 1B Ts NA 1B Ts 1.50E+7 1B
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Chloroform 67663 80-(A W) 80 (A W) 350 28,000 1.8E+5 792E+6 1n]
Chloromethane{l) 74873 260 1100 1n} 8.600 45,000 8.34E+6 36,000
4-Chlore-3-

methylphenol 59507 150 420 4 INTRVA N 3.90E+6 in}
beta

Chleronaphthalene 91587 1,800 5,200 NA 1B B 6,749 1B
2-Chlorophenol 95578 45 130 18 4.9E+5 11E+6 220E+7 in}
o-Chlorotoluene

& 95498 150 420 in} 22E+5 3AE+5{S) | 3.73E+b5 in}
Chlorpyrifos 2021882 22 63 0002 29 6.6 1120 in]
Chromium-tHH

BH) 16065831| 100(A) 100-(A) —H{GX) INTRVA N NA in]
Chromium (V1) 18540299 100 (A) 100 (A) 11 NLV NEV NA 1B
Ghrysere—+Q) 218019 | 1.64(S) 1.64S) Ta Ta 1o 16 Ts)
Cobalt 7440484 49 100 100 INTRVA N NA in]
Copper{B) 7440508 | 1.000(E)  1.000(E) —G) NEV NLV NA Ts)
Cyanazine 21725482 23 94 56040 INTRVA N 1.70E+5 in]




Groundwaterl Groundwater | Groundwater Flammability

Chemical| Residential Surface | Volatilization | Veolatilizatien and

Abstract | Dranking | Nonresidential Water to-tndeorAl  to-ndoorAd Exploshvity
Hazardous-Substance Number | Criterla WaterCriterla Criterta Criteria Criteria Solubility Eevel
Cyanide{(PR) 57125 200-(A) 200(A) 52 NEV NEV NA D
Cyelohexanene 188941 33,600 94000 NA 1,500 3,300 230E+7 NA
Daethal 1861321 3 210 NA NEV NEV 560 B
Dalapen #5990 200-(A) 200(A) NA NEV NEV 5.02E+8 B
4-4-Bbb 42548 91 3 NA N N 90 B
4-4-BPBE #2559 43 15 NA NEV NEV 120 B

0-02(My;

4-4-BBbF 50293 3.6 10 11E5 NEV NEV 25 NA
Becabromodiphenyl
ether 1163195 36<S) 36(S) NA 36(S) 30(S) 30 B
Bif2-ethythexyhadipate 163231 4860-(A) 406-(A) B NEV NEV 471 B
Bi-n-octylphthalate 117840 130 380 B NEV NEV 3,000 B
Biacetone-alcohol{(l) 123422 B B NA NEV NEV 1LO0E+9  1O0E+9(S)
Diazinon 333415 1.3 3.3 0.004 NLV NLV 68,300 NA
Dibenze(a;h)anthracene 2:0-(M);
Q) 53703 0.21 2.0(M);-0-85 B NLV NV 249 1B
Bibenzefuran 132649 B B 4 106;000S) 10,000(S) | 216,000 D
Dibromochloromethane 124481 80 {AW) 80 (AW) B 14.000 11E+5 2.60E+6 12
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6:2(A) 6:2(A) 1B 220 1;200(S) 1.230 NA
Dibromomethane 74953 80 230 NA 1} 1} 1A0E+7 in}
Dicamba 1918009 220 630 NA N N 4. 50E+6 in}
1.2-Dichlorobenzene 95501 600-(A) 600-(A) 13 1.6E+5(S) 1.6E+5(S) | 1.56E+5 NA
1,3-Dichlorobenzene 541731 6.6 19 28 18,000 41000 131E+5 in}
1.4-Dichlorobenzene 106467 75-(A) 5-(A) 17 16,000 74.000(S) 73,800 NA
Dichlorodiflucromethane 75718 1.700 4800 1n} 22E+5 30E+5{(S) | 3:00E+5 in}
1. 1-Dichloroethane 75343 880 2500 7490 1.0E+6 2.3E+6 5.06E+6 3.8E+5
1.2-Dichloroethane{l) | 107062 5.0(A) 5.0(A) 36004 9.600 59.000 8.52E+6 25E+6
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Diisopropylamine (1) 108189 5.6 16 NA 2.1E+7 3.7E+7 (S) | 3.69E+7 4.6E+6
Dimethyl phthalate 131113 43,000 210E+05 NA NLV NLV 4 19E+6 NA
NGN-

Dimethylacetamide 127195 1890 520 4-166X) NEV- NEV 1.00E+9 NA
N,N-Dimethylaniline 121697 16 46 NA 2.4E+5 1.3E+6(S) 1.27E+6 NA
Dimethylformamide

& 681422 760 2660 NA NV NEV +HO0E+9 B
2,4-Dimethylphenol 105679 370 1,000 380 NLV NLV 7.87E+6 B
2:6-Dimethylphenel 576261 44 13 NA NLV NLV 6-14E+6 1D
3,4-Dimethylphenol 95658 10 29 25 NLV NLV 4.93E+6 D
2,4-Dinitrotoluene 121142 +7 32 NA NLV NLV 2.70E+bH D
Bieseb 88857 oA oA 048 NLV NLV 52,000 B
1,4-Dioxane (1) 123911 | 7.2 350 2,800-0%) NEV NEV 9.00E+8 1.4E+8
Diguat 85007 20(A) 20-(A) 20-(M):-6.0 NEV NEV 7-00E+5 TsY
Dissolved oxygen

(bO) NA B In} —EE) In} B NA NA
Diuron 330541 31 90 NA NLV NLV 37,300 D




ether 3,700 10,000 NA 2.9E+6 6.5E+6
Fluoranthene 210(s) 210(S) 16 210(S) 210(S)
Fluorene ) 880 2,000(S) 12 2;,000(S) 2,000(S)
Fluorine {soluble fluoride

8} 2,000(E) 2,000(E) In NEV NEV
Formaldehyde 1,300 3800 120 63000 36E+5




Formic acid (L,U) 64186 10,000 29,000 D 7. 7E+6 1.5E+7 10E+9(D)

1-Formylpiperidine 2591868 80 230 NA B B B

Gentian violet 548629 15 63 NA NLV NLV D

Glyphesate 1071836| 700-(A) 700-(A) NA NV NV 1D
0-01(My;

Heptachlor 76443 0.4 (A) 0.4 (A) 0.0018 180 (S) 180 (S) D

Heptachlor-epoxide 1024573| 62A) 62(A) B NEV NEV- B

n-Heptane 142825 z—zeg{s) 2.700(S) NA 2700(S) 2700(S) 200

Hexabromebenzene 87821 | 20 | 047(S)y58 1=} 1=} 1=} =}

Hexachlorobenzene €66) | 118741 1.0 (A) 1.0 (A) 0.0003 440 3,000 D

Hexachlorobutadiene £C

46) 87683 15 42 0.053 1,600 3,200 (S) D

alpha

Hexachloroeyclohexane | 319846 043 17 1} 2-0004S) 2.000-(S) B

beta

Hexachloreeyelohexane 319857 0.88 36 B NEV NR B

Hexachlorocyclopentadier

e{G56) 77474 50-(A) 50-(A) B 130 420 B







